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Preface 

This  thesis  fulfills  part  of  the  requirement  for  a 
masters  of  science  degree  from  the  Air  Force  Institute  of 
Technology,  Wright-Patterson  AFB,  Ohio.  There  were  several 
reasons  for  this  research  effort.  Besides  the  fact  that  it 
was  required,  this  research  effort  presented  the  writer 
with  as  opportunity  to  develop  a solution  to  a problem  on 
which  little  or  no  research  had  been  done.  The  problem, 
identified  initially  by  the  A- 10  SPO  Director  of  Armaments, 
was  determining  the  allocations  to  be  awarded  each  con- 
tractor when  two  sources  of  supply  are  required  for  a pro- 
curement. Additional  reasons  for  this  effort  included  a 
desire  to  decrease  Government  procurement  costs,  as  well  as 
to  foster  competition  to  the  greatest  extent  possible  within 
the  framework  of  this  parti cular  type  of  procurement. 

As  no  research  material  was  available  on  this  particu- 
lar type  of  procurement  per  se,  the  results  of  this  effort 
are  based  on  an  extension  of  accepted  economic  theories  and 
Government  procurement  practices,  and  on  extensive  testing 
with  hypothetical  data. 

I would  like  to  take  this  opportunity  to  express  my 
most  sincere  appreciation  to  Dr.  Norman  K.  Womer,  my  thesis 
advisor,  for  not  giving  up  on  me  during  the  extended  period 
required  to  complete  this  effort.  I would  also  like  to 
extend  my  appreciation  to  Dr.  Womer  for  introducing  me  to 
this  topic  and  for  providing  the  majority  of  the  classroom 
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Abstract 

This  research  effort  proposes  an  allocation  technique 
for  use  when  two  sources  of  supply  are  required  for  a large 
number  of  similar  items  over  a period  of  years.  This  pro- 
curement scenario  was  identified  by  the  A- 10  SPO  in  their 
procurement  of  30mm  ammunition.  Use  of  two  contractors 
insures  that  a surge  capability  will  be  available  to  meet 
sudden  increases  in  demand.  However,  a problem  arises  in 
determining  the  portion  of  the  total  annual  procurement  to 
be  allocated  either  contractor.  This  problem  is  even  more 
acute  when  one  of  the  contractors  is  able  to  offer  prices 
which  are  significantly  lower  than  those  of  his  competitor. 

The  proposed  technique  determines  the  allocations  for 
both  contractors  based  on  relative  competitive  performance. 
For  each  competitor  an  annual  competitive  index  is  estab- 
lished using  price  bids  and  any  other  factor  which  the  pro- 
curing agency  deems  appropriate.  Overall  competitive  indi- 
ces are  then  established  for  both  contractors  based  on  their 
annual  indices  for  a three-year  period.  Annual  allocations 
are  determined  using  the  ratio  of  the  overall  competitive 
indices. 

The  proposed  technique  is  tested  using  hypothetical 
data.  Included  in  the  testing  is  a discussion  of  gaming 
techniques  which  might  be  employed  by  the  competitors  in 
order  to  gain  unearned  profits. 

iix 


I.  INTRODUCTION 


Background 

The  subject  matter  for  this  research  effort  stems  from 
a problem  which  was  encountered  by  the  A- 10  System  Program 
Office,  Director  of  Armaments  Branch,  during  the  procurement 
of  GAU-8  30mm  ammunition.  The  following  information  is  an 
overview  of  the  more  pertinent  factors  of  this  problem. 

The  GAU-8  weapon  system,  produced  by  General  Electric, 
is  the  primary  weapon  system  of  the  A-10  close  air  support 
aircraft.  This  system  is  built  around  a seven-barrel  Gatling- 
type  gun  which  uses  three  kinds  of  30mm  ammunition:  HEI  (High 
Explosive  Incendiary),  API  (Armor  Piercing  Incendiary),  and 
TP  (Target  Practice).  This  ammunition  can  be  fired  at  a 
selected  rate  of  either  2000  or  4000  rounds  per  minute.  In 
addition  to  the  three  kinds  of  ammunition  fired  by  the  gun, 
dummy  rounds  are  also  being  procured  for  use  in  weapon  system 
checkout  and  maintenance. 

The  Armaments  branch  of  the  A-10  SPO  is  responsible  for 
the  procurement  of  all  GAU-8  ammunition  through  FY  1983.  The 
Army  Armament  Command  (ARMCOM)  will  then  assume  this 
responsibility. 

Although  there  is  a planned  schedule  for  the  number  of 
rounds  to  be  procured  each  year  through  FY  1984,  the  number 
of  rounds  which  could  be  required  in  any  given  year  is  subject 
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to  various  factors  beyond  the  control  of  the  procuring  agency. 
A common  factor  which  affects  the  level  of  any  Department  of 
Defense  program  is  the  amount  of  funding  made  available  each 
year  for  that  program.  A shifting  of  emphasis  among  Air  Force 
programs  could  bring  about  a substantial  increase,  or  decrease 
in  the  number  of  rounds  of  GAU-8  ammunition  to  be  procured. 

The  most  drastic  change  in  procurement  requirements  would 
be  brought  about  by  Air  Force  involvement  in  an  armed  conflict 
requiring  extensive  use  of  the  A-10  aircraft.  In  order  to 
reduce  the  possibility  of  having  insufficient  ammunition  avail 
able  when  needed,  a mobilization  base  must  be  maintained  with 
adequate  capacity  to  meet  the  suddenly  increased  demand  caused 
by  an  armed  conflict. 

The  Aerojet  Ordnance  and  Manufacturing  Company  and  the 
Honeywell  Government  and  Aeronautical  Products  Division  are 
both  under  contract  to  produce  GAU-8  30mm  ammunition.  These 
contractors  provide  the  needed  mobilization  base  and  satisfy 
the  Defense  System  Acquisition  Review  Council  (DSARC)  estab- 
lished guideline  for  a competitive  procurement.  The  problem 
encountered  by  the  Director  of  Armaments  was  that  of  deter- 
mining what  portion  of  the  annual  ammunition  procurement  was 
to  be  awarded,  or  allocated,  to  each  of  the  contractors. 

The  normal  solution  in  a competitive  procurement  situa- 
tion is  to  purchase  the  contracted  items  from  the  producer 
who  will  supply  them  at  the  least  cost  to  the  Government. 

In  this  particular  situation,  awarding  a 100%  allocation  to 


the  lowest  bidder  is  not  considered  a feasible  solution. 


First  of  all,  awarding  100%  of  the  contract  to  either  con- 
tractor would  weaken  the  desired  mobilization  base,  unless 
of  course  the  Government  were  willing  to  provide  substantial 
additional  funding  to  maintain  the  other  contractor  as  a 
part  of  the  mobilization  base.  The  second  constraint  which 
a 100%  allocation  would  violate  is  that  of  maintaining  the 
required  competitive  sources  of  procurement.  To  award  100% 
of  the  production  requirement  for  any  given  year  to  either 
contractor  would  leave  little  chance  that  the  other  contrac- 
tor would  be  in  a competitive  pricing  position  for  the  procure- 
ment of  the  following  year.  Again,  that  is  unless  the  Govern- 
ment were  willing  to  provide  substantial  additional  funding 
for  the  other  contractor. 

An  award  of  100%  of  the  production  requirement  to  either 
contractor  is  too  high.  Therefore,  a significant  part  of  the 
two-contractor  allocation  problem  is  the  determination  of  the 
maximum  portion  to  be  allocated  to  either  contractor.  This 
part  of  the  problem  was  solved  by  the  A-10  SPO  determination 
of  a Minimum  Sustaining  Rate  (MSR)  for  the  contractor  awarded 
the  smaller  allocation  of  the  annual  procurement.  During  the 
first  years  of  the  GAU-8  ammunition  procurement  it  was  esti- 
mated that  each  contractor  must  receive  at  least  20%  of  the 
total  annual  procurement  in  order  to  satisfy  the  MSR  require- 
ment. This  MSR  would  have  left  the  Director  of  Armaments 
60%  fl00%  - (2)20%)  to  apportion  between  the  two  contractors. 
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The  Armaments  Branch  also  estimated,  however,  that  the 
minimum  economically  feasible  allocation  for  either  contrac- 
tor would  be  approximately  40%  of  the  annual  procurement.  A 
contractor  receiving  less  than  this  amount  would  have  diffi- 
culty being  in  a competitive  bidding  position  for  the  following 
year's  procurement.  This  factor  meant  that  only  20%  (100%  - 
(2)40%)  was  actually  subject  to  competitive  pricing  of  the 
contractors . 

Due  to  the  requirements  for  maintaining  both  a sufficient 
mobilization  base  and  a competitive  procurement  environment, 
a straightforward  minimum  cost  procurement  has  been  infeasible. 
What  has  been  needed  is  a technique  which  would  allow  the 
Director  of  Armaments  to  apportion  the  annual  GAU-8  30mm 
ammunition  procurements  between  Aerojet  and  Honeywell  in  such 
a way  as  to  insure  that  each  contractor  would  be  awarded  at 
least  an  economically  feasible  rate  and,  at  the  same  time, 
encourage  active  price  competition. 

General  Electric  originally  selected  Aerojet  as  the  sub- 
contractor for  the  development  of  the  GAU-8  ammunition.  As 
this  was  prior  to  the  requirement  that  two  contractos  be 
utilized.  Aerojet  had  a full  year  advantage  in  production 
experience  with  this  type  of  ammunition  before  Honeywell  was 
selected  as  the  second  contractor.  In  view  of  this  experi- 
ence advantage,  Aerojet  has  had  a substantial  pricing  advan- 
tage over  Honeywell  when  bidding  for  the  annual  procurement 
allocations.  This  fact,  coupled  with  the  requirement  that 
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Table  I 

GAU-8  Ammunition  Procurement  Schedule 


FY7  5 

FY76 

FY77 

FY78 

FY79 

FY80 

FY81 

FY82 

TOTAL 

TP 

200* 

400 

1080 

2244 

2002 

2064 

2024 

2024 

12038 

HE  I 

175 

326 

1376 

1755 

5620 

S620 

14872 

API 

83 

650 

1710 

3250 

3250 

3250 

3286 

15479 

458 

1376 

4166 

7249 

10872 

10934 

5310 

2024 

42389 

"number  of  rounds  in  thousands 

each  contractor  be  awarded  at  least  the  economically  feasible 
rate,  rendered  the  annual  minimum  unit  list  price  bids,  in 
themselves,  inadequate  as  the  basis  for  active  competition. 

The  normal  behavior  of  firms  engaged  in  an  oligopoly, 
which  in  this  case  is  the  more  restrictive  duopoly,  does  not 
directly  apply  to  this  procurement  problem.  The  GAU-8  ammuni 
tion  procurement  involves  the  notable  oligopoly  characteris- 
tics of  "a  small  number  of  firms  and  a great  deal  of  inter- 
dependence, actual  and  perceived,  among  themM(Ref  9:348). 
However,  the  total  demand  for  GAU-8  ammunition  has  not  been  a 
function  of  the  unit  list  price  bids  (market  price)  of  the 
contractors.  Instead,  the  total  demand  has  been  fixed  for 
each  year  in  accordance  with  a planned  procurement  schedule. 
Table  I shows  the  planned  actual  procurement  schedule  as  of 
March  1977.  It  is  because  of  the  minimum  award  being  fixed 
at  the  minimum  economically  feasible  rate  and  the  total 
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demand  being  fixed  in  accordance  with  the  planned  schedule 
that  normally  accepted  oligopolistic  theories  have  not  been 
able  to  provide  a solution  to  this  problem. 

It  is  only  recently  that  the  unit  line  price  bids  of 
Aerojet  and  Honeywell  have  reached  comparable  levels.  This 
is  due  partly  to  the  fact  that  Honeywell  has  had  an  oppor- 
tunity to  make  up  the  experience  disadvantage  is  suffered  in 
previous  years.  And,  because  the  unit  line  price  bids  have 
been  drawing  closer  with  each  year,  the  Director  of  Armaments 
was  able  to  test  a new  allocation  technique  during  a recent 
supplemental  procurement.  Even  though  the  new  allocation 
technique  is  suspected  of  having  had  a significant  effect  on 
the  bidding  by  the  contractors,  the  Director  of  Armaments 
is  still  not  satisfied  with  the  level  of  competition  because 
of  what  are  considered  to  be  unacceptably  high  profit  levels 
for  both  contractors. 

Objectives  of  the  Research 

The  primary  objective  of  this  report  is  to  develop  a 
technique  for  the  apportionment  of  procurement  requirements 
under  circumstances  similar  to  those  described  in  the  A-10 
Director  of  Armaments  problem  of  the  previous  section.  The 
technique  which  will  be  developed  is  intended  for  the  use  of 
future  programs  which  may  encounter  similar  circumstances. 
However,  in  view  of  the  numerous  similarities,  this  report 
may  also  be  used  by  the  A-10  SPO  Director  of  Armaments 
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Branch  to  evaluate  the  allocation  method  which  is  currently 
in  use. 

The  proposed  technique  must  support  the  directive  of 
the  Defense  System  Acquisition  Review  Council  that  two  con- 
tractors be  employed  for  the  procurement  in  order  to  help 
reduce  program  costs  by  creating  a competitive  procurement 
environment  (Ref  4:3).  The  preferred  technique,  therefore, 
is  one  which  will  result  in  an  apportionment  based  on  some 
factor,  or  factors,  which  will  encourage  the  greatest  amount 
of  price  competition  between  the  two  contractors.  Since  the 
contracts  are  to  be  awarded  over  a period  of  more  than  one 
year,  some  function  of  each  contractor's  unit  list  price  bids 
with  respect  to  time  should  provide  an  acceptable  basis  for 
encouraging  competition  between  the  contractors. 

The  emphasis  of  this  report  is  on  the  development  of  an 
equation  for  use  in  determining  the  allocation  to  be  awarded 
each  contractor  in  any  given  year.  The  allocation  for  each 
contractor  will  be  expressed  as  a percentage  of  the  total  pro- 
curement requirement  for  that  year.  The  use  of  percentages, 
rather  than  absolute  numbers  of  units  to  be  procured,  will 
allow  the  same  technique  equation  to  be  used  regardless  of 
the  magnitude  of  procurement  requirements  from  one  year  to 
the  next.  The  resulting  equation  should  enable  the  procuring 
SPO  Director  to  employ  as  many  factors  as  desired  for  the  alio 
cation  competition.  The  allocation  equation  should  further 
allow  for  the  weighting  of  each  factor  according  to  the  degree 
of  importance  assigned  to  it  in  relation  to  the  importance 
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of  the  unit  line  price.  Besides  the  ability  to  vary  the 
number  of  factors  used  in  this  technique,  the  SPO  Director 
should  also  be  able  to  vary  the  responsiveness  of  the  con- 
tractor allocations  as  a function  of  the  competitive  factors. 

The  reason  for  this  last  provision  is  to  counteract  the  pos- 
sible advantage  one  contractor  may  gain  over  the  other  if 
only  one  contractor  is  used  during  the  developmental  stage 
of  the  program. 

Scope,  Assumptions,  and  Limitations 

The  scope  of  this  research  effort  has  been  limited  to 
the  apportionment  of  the  total  annual  procurement  requirements 
less  the  portions  awarded  either  contractor  to  fulfill  any 
minimum  award  requirements.  Minimum  award  requirements  may 
include  either  MSR  or  minimum  economically  feasible  rate,  or 
both.  The  minimum  award  requirements  are  treated  as  fixed 
percentages  of  the  annual  procurement  and  are  not  subject  to 
the  competitive  performance  of  either  contractor.  Furthermore, 
the  purpose  of  this  report  is  not  to  evaluate  the  DSARC  deci- 
sion which  requires  the  use  of  more  than  one  contractor,  but 
rather  to  find  a means  of  allocation  which  will  support  the 
purpose  of  this  decision. 

This  study  was  based  on  the  following  assumptions  and 
limitations : 

1.  The  procurement  involves  a large  number  of  individual 
items.  This  assumption  is  necessary  if  the  procurement 
requirements  are  to  be  allocated  on  a percentage  basis.  The 
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number  of  units  involved  should  be  at  least  100  X 10n,  where 
”nu  is  the  number  of  significant  digits  following  the  decimal 
point  in  the  allocation  percentages.  For  example,  in  order 

to  make  the  allocations  to  the  nearest  .01  percent,  at  least 

2 

100  X 10  , or  10,000  units  should  be  involved. 

2.  It  is  assumed  that  both  contractors  will  behave  in 
a competitive  manner  because  they  will  prefer  more  to  less 
in  the  apportionment  of  the  annual  procurement  requirements. 

a)  Neither  company  will  be  satisfied  with  a minimum 
award  if  there  is  a reasonable  expectation  of  increasing 
profits  by  increasing  their  respective  allocation.  In 
any  given  year,  the  total  profit  received  by  either  con- 
tractor should  vary  directly  with  the  allocation  received 
by  that  contractor. 

b)  Both  companies  are  assumed  to  be  capable  of 
competing  with  each  other  at  a level  which  would  enable 
them  to  receive  more  than  the  minimum  award  in  any  given 
year.  For  either  company  the  minimum  award  would  be  the 
least  desirable  allocation. 

3.  There  is  a limitation  as  to  how  well  the  competitive 
behavior  of  either  contractor  can  be  predicted.  Regardless 
of  the  amount  of  cost  and  profit  data  which  is  obtained,  it 
is  impossible  to  determine  the  full  extent  to  which  either 
contractor  will  be  either  willing  or  able  to  compete. 

4.  This  report  assumes  that  only  two  contractors  will 
be  used  for  the  procurement.  The  use  of  two  contractors  will 
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provide  the  desired  competitive  environment.  Because  of  the 
minimum  award  requirements  for  each  contractor,  the  addition 
of  a third  contractor  would  lower  the  portion  of  the  total 
annual  procurement  which  is  subject  to  the  competition.  A 
decrease  in  the  portion  subject  to  competition  would  have  a 
negative  effect  on  the  motivation  for  the  contractors  to 
compete. 

Methodology 

The  first  task  in  doing  research  for  this  report  was  to 
become  familiar  with  the  GAU-8  30mm  ammunition  procurement 
program.  This  was  accomplished  through  discussion  with  per- 
sonnel from  the  A- 10  SPO  Director  of  Armaments  Branch  and  a 
review  of  government  cost  studies.  Theses  by  Captains  Richard 
Wall  (GSM/ SM/75S- 10)  and  Robert  Nadeau  (GSM/SM/76S-19)  pro- 
vided additional  background  information.  Historical  prices 
for  GAU-8  ammunition  contracts  of  prior  years  were  made  avail- 
able by  the  A-10  SPO  Director  of  Armaments  Branch. 

These  same  sources  were  also  used  to  select  items,  other 
than  unit  line  price  bids,  which  could  be  used  as  possible 
additional  factors  for  the  competition.  A literature  search 
was  also  made  for  additional  factors.  A method  of  weighting 
the  additional  factors  was  then  developed.  This  method  was 
tested  to  insure  that  the  impact  of  the  additional  factors 
on  the  allocations  did  in  fact  reflect  the  relative  weights 
assigned  to  these  factors. 
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A survey  was  made  of  literature  pertaining  to  the 
oligopolistic  and  duopolistic  behavior  of  competitive  firms. 
The  purpose  of  this  survey  was  to  determine  whether  or  not 
the  current  theories  regarding  such  behavior  could  be  used 
either  to  encourage  competition  or  to  predict  the  competitive 
performance  of  the  two  competing  contractors. 

The  search  for  an  acceptable  allocation  equation  began 
with  the  simplifying  assumption  that  if  all  things  were  equal 
for  both  contractors,  then  each  would  receive  an  allocation 
of  50%  of  the  total  annual  procurement.  "All  things",  in 
this  case,  is  used  to  refer  to  all  those  factors  which  affect 
production,  costs,  or  the  unit  line  price  bids  of  the  contrac- 
tors. Included  in  these  factors  would  be  the  types  of  equip- 
ment used,  the  skill  levels  of  the  direct  labor  force,  the 
talent  and  innovation  of  the  management  personnel,  the  costs 
of  materials  procured  from  subcontractors,  the  profit  levels 
included  in  the  unit  line  price  bids  of  both  contractors. 

With  all  things  being  equal,  and  held  at  a constant  level, 
the  unit  line  prices  (in  constant  dollars)  bid  by  both  con- 
tractors would  be  expected  to  decrease  each  year  by  the  amount 
saved  because  of  the  effect  of  the  learning  factor  on  the 
direct  labor  input  to  production.  In  this  assumed  situation, 
each  year  the  ratio  of  the  unit  line  price  bid  of  one  contrac- 
tor to  that  of  the  other  would  be  one-to-one  (1:1). 

The  simplifying  assumption  of  all  things  being  equal  is 
an  extreme  assumption  which  obviously  does  not  correspond  to 


TOT 


the  actual  situation  for  any  two  contractors.  The  use  of 
this  assumption  was  for  the  sole  purpose  of  establishing  a 
starting  point  at  which  both  contractors  would  be  awarded 
equal  allocations.  After  establishing  this  starting  point, 
the  equality  constraint  on  each  factor  could  be  relaxed  to 
determine  what  effect  it  would  have  on  the  competition. 
Relaxation  of  the  constraints  also  means  that  the  ratio  of 
one  contractor's  unit  line  price  bids  to  the  bids  of  the  other 
contract  would  no  longer  have  to  be  1:1. 

The  selection  of  some  function  of  the  individual  contrac- 
tor's annual  unit  line  price  bids  with  respect  to  time  as  the 
primary  basis  for  the  allocation  competition  was  made  because 
it  could  be  used  to  compensate  for  any  possible  learning  fac- 
tor advantage  gained  by  one  contractor  having  been  selected 
prior  to  the  competing  contractor . 

For  the  simulation  of  how  the  proposed  allocation  tech- 
nique would  be  applied,  two  hypothetical  contractors,  Company 
A and  Company  B,  and  hypothetical  prices  are  used.  Testing 
of  the  proposed  technique  is  accomplished  by  attempting  to 
"game"  the  bidding  on  the  part  of  the  competing  contractors. 

Organization 

This  thesis  is  organized  as  follows:  A discussion  of 
factors,  other  than  unit  line  bid  price,  which  may  be  used 
as  competitive  factors  is  found  in  Chapter  II.  Chapter  III 
discusses  the  development  of,  and  the  reasoning  behind,  the 


proposed  allocation  technique.  In  Chapter  IV  the  proposed 
technique  is  demonstrated  and  tested.  The  testing  section 


also  includes  a 
Conclusions  and 


discussion  of  attempted  competitor 
recommendations  are  given  in  Chapt' 
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gaming. 
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II.  APPLICATION  OF  ADDITIONAL 
COMPETITIVE  FACTORS 


I 

Introduction 

The  purpose  of  a competitive  procurement  is  to  reduce 
the  overall  program  costs  to  the  Government.  As  a result, 
the  prices  bid  by  the  competing  contractors  are  normally 
used  as  the  sole  factor  on  which  to  base  the  competition. 

j 

And,  after  the  competition,  100%  of  the  procurement  is 
awarded  to  the  one  contractor  who  submitted  the  lowest  bid. 

With  an  extended  procurement  in  which  more  than  one  contrac- 
tor is  retained,  a number  of  factors  may  be  used  together  as 
bases  for  the  competition. 

The  possible  number  of  factors  which  may  be  used  is 
limited  only  by  the  number  of  measurable  differences  which 
can  be  found  between  the  competitors.  In  order  to  insure  that 
the  emphasis  is  placed  on  reducing  the  overall  program  costs, 

< the  prices  bid  by  the  competitors  must  be  maintained  as  the 

most  significant  factor.  This  can  be  accomplished  by  weighting 
any  additional  factor  on  the  basis  of  its  importance  relative 
to  the  unit  line  price  bids  of  the  competitors. 

The  Weighted  Guidelines  method  of  the  Armed  Services 
Procurement  Regulation  (ASPR)  lists  several  factors  which 

' must  be  considered  when  determining  profit  in  the  absence  of 

| ; 1 

competition.  Because  it  is  used  to  "assure  that  appropriate 
^ considerations  are  given  to  all  relevant  factors"  (Ref  2:49),  j 

ri  | I 

I 

tf  ' f * 
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the  Weighted  Guidelines  method  may  be  of  assistance  in  sug- 
gesting some  additional  factors  on  which  to  base  the  two- 
contractor  competition.  Those  factors  which  are  cost  ele- 
ments of  the  unit  line  price  bids  should  not  be  included  as 
additional  factors  in  the  competition.  As  a part  of  the 
prices  bid  by  the  competitors,  these  factors  are  already 
included  in  the  competition. 

This  chapter  discusses  items  which  may  be  used  as  addi- 
tional factors  in  the  competition.  It  also  explains  the 
method  of  weighting  which  is  used  in  the  proposed  allocation 
technique . 

Additional  Factors 

The  factors  discussed  in  this  section  have  been  selected 
as  representative  of  three  areas  which  may  be  of  concern  to 
the  procuring  agency:  cost  risk;  contractor  performance;  and 
characteristics  of  the  procured  items.  The  factors  which  are 
actually  used  for  the  competition  would  be  left  to  the  dis- 
cretion of  the  procuring  agency. 

Degree  of  Contractor  Cost  Risk.  "The  Government,  like 
any  other  buyer,  wants  its  suppliers  to  assume  as  much  of 
the  cost  risk  for  the  procurement  as  is  fair.  This  is  why 
the  Government  prefers  the  firm-fixed  price  type  of  contract" 
(Ref  2:33).  With  a firm-fixed  price  contract,  the  cost  risk 
shareline  is  0/100  percent.  This  means  that,  with  a cost 
overrun,  the  Government  has  zero  risk,  and  the  contractor 
would  be  required  to  cover  100%  of  the  additional  cost. 
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On  the  other  hand,  a contract  which  uses  an  incentive  type 
arrangement  may  have  a share  line  of  either  20/80,  or  50/50, 
or  any  combination  adding  up  to  100  percent.  With  any  of 
these  share  lines,  the  Government  would  be  required  to  pay 
a varying  share  of  any  cost  overrun.  Therefore,  the  pro- 
curing agency  would  prefer  that  the  contractor  assume  as 
much  of  the  risk  as  possible. 

There  are  two  ways  in  which  the  procuring  agency  could 
benefit  by  the  use  of  contractor  risk  as  a competitive  fac- 
tor. The  first  way  is  that  both  competitors  are  given  an 
incentive  to  accept  a larger  share  of  the  risk.  Should  this 
incentive  prove  to  be  insufficient,  the  procuring  agency 
still  has  a second  benefit  in  that  the  competitor  assuming 
the  greater  risk  would  receive  an  allocation  which  is 
greater  than  the  one  he  would  receive  were  this  factor  not 
included.  In  either  case,  the  overall  risk  to  the  procuring 
agency  is  reduced. 

Contractor  Performance.  "A  contractor  should  be  rewarded 
on  the  basis  of  demonstrated  past  performance ...  timely 
deliveries,  quality,  value  engineering  accomplishments,  and 
similar  performance  evaluation  criteria  should  be  considered" 

(Ref  2:53).  Because  the  competitive  procurement  under  con- 
sideration is  assumed  to  extend  over  a period  of  years,  this 
factor  may  be  used  either  to  reward  or  to  penalize  a con- 
tractor based  on  his  year-to-year  performance  for  this  pro- 
curement. The  benefit  derived  from  inclusion  of  this  factor 
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is  that  it  provides  an  incentive  for  the  competitors  to 
improve  their  performance  in  those  areas  which  are  not 
directly  reflected  in  their  unit  line  price  bids.  Improve- 
ments in  such  areas  as  timeliness  of  deliveries  and  cost 
accounting  procedures  may  provide  substantial  benefit  for 
the  procuring  agency. 

Procured  Item  Performance.  The  performance  and  reli- 
ability of  the  procured  item  itself  may,  or  may  not,  be 
included  as  means  of  judging  contractor  performance.  By 
treating  them  as  a separate  factor,  emphasis  can  be  placed 
on  improvement  of  the  procured  item.  Performance  character- 
istics, such  as  variations  in  speed,  range,  or  reliability, 
are  more  easily  and  accurately  measured  than  are  the  subjec- 
tive contractor  performance  characteristics,  such  as  manage- 
ment, efficiency,  or  special  achievement.  The  use  of  objec- 
tively measured  factors  may  prove  to  be  more  effective  in 
that  it  provides  the  competitors  with  more  certainty  in  the 
analysis  of  their  own  performance.  With  subjectively  measured 
factors,  decisions  as  to  tradeoffs  between  price  and  per- 
formance could  require  a great  deal  of  conjecture,  on  the 
part  of  the  competitors,  as  to  the  evaluations  of  the  pro- 
curing agency. 

Weighting  the  Additional  Factors 

The  weight  assigned  to  each  additional  competitive 
factor  is  a measure  of  the  importance  of  that  factor  relative 
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to  the  importance  of  the  unit  line  price.  This  weight  is 
expressed  as  the  ratio  of  a one  percent  increase  in  the 
value  of  the  additional  factor  to  the  value  of  a one  percent 
decrease  in  the  unit  line  price.  The  change  in  value  of  an 
additional  competitive  factor  is  measured  as  the  percent 
change  from  the  standard  established  for  that  factor.  The 
percent  change  in  unit  line  price  is  based  on  the  bid  price 
of  the  current  year's  procurement.  It  is  therefore  recom- 
mended that  the  standard  for  each  competitive  factor  be 
established  at  the  average  level  of  the  competitors'  expected 
performance.  By  establishing  the  standard  at  this  level, 
tradeoffs  between  decreased  price  and  increased  performance 
can  be  approximated  by  the  comparison  of  the  changes  from  the 
present  levels  of  either  competitor. 

The  following  equation  is  used  in  applying  the  addi- 
tional factors  to  the  competitive  procurement: 

1.00  - i ) ) 7 (1) 

where  Fx  is  an  index  value  for  additional  factor  "x" , w is 
the  weight  assigned  to  this  factor,  £ is  the  standard  value 
established  for  this  factor,  and  r is  the  performance  rating 
received  by  the  competitor  for  this  factor.  If  product 
reliability  were  included  as  an  additional  factor,  and 
assigned  a standard  value  of  .98  with  a weight  of  .25,  then 
for  a competitor  with  a product  which  performs  properly  94 
times  out  of  100,  the  index  value  would  be  computed  as 


follows : 

F - ri  ♦ C .25  C 1.00  - ) ) 7 

- /“I  + ( .25  ( .0408  ) ) J 

= /“l  + ( .0102  ) J 
= 1.0102 

This  index  value  is  then  used  in  determining  an  annual 
competitive  index  for  each  of  the  competing  contractors.  The 
annual  competitive  index  is  determined  by  multiplying  the 
unit  line  price  bid  of  either  competitor  by  his  index  values 
for  the  competitive  factors.  The  equation  used  to  compute 
the  annual  competitive  index  for  either  competitor  is: 

Ic  - (Pc)(F1)(F2)(F5)...(Fn)  (2) 

where  Ic  is  the  annual  index  for  competitor  "c",  P is  the 
number  of  dollars  in  the  unit  line  price  bid  of  the  competi- 
tor, and  n is  the  number  of  additional  competitive  factors 
used  in  the  competition.  If  n equals  zero,  then  I equals 
P , and  the  competition  is  based  solely  on  the  unit  line 
price  bids  of  the  competitors. 

Using  reliability,  from  the  previous  example,  as  the 
only  additional  factor,  with  a unit  line  price  bid  of  $100, 
the  competitor's  annual  index  would  be  computed  as  follows: 

After  computing  an  annual  competitive  index  for  the 
other  competitor,  the  two  indices  are  then  used  in  place  of 
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Table  II 

Other  Competitive  Factors 


Contractor 

Procured  Item 

Profit  rate 

Weight 

Dollar  value  of  Govern- 

Maximum  temperature 

ment  furnished  equipment 

Displacement 

Percent  of  materials 
which  are  subcontracted 

Mean  time  to  failure 

Production  rate 

Useful  life 

Percent  of  employees 
from  minority  groups 

Noise  level 

I = (100) (1.0102) 

= 101.02 

the  unit  line  price  bids  as  the  basis  on  which  to  award  the 
annual  procurement  allocations. 

Some  other  items  which  could  be  included  as  additional 
competitive  factors  are  listed  in  Table  II.  However,  this 
list  is  not  intended  to  be  all-inclusive.  It  is  only  to 
show  the  wide  range  from  which  additional  competitive  fac- 
tors may  be  selected. 


III.  DEVELOPMENT  OF  THE  PROPOSED 
ALLOCATION  TECHNIQUE 


Introduction 

This  chapter  is  a step-by-step  description  of  the 
procedures  followed  in  the  development  of  the  proposed  allo- 
cation technique.  Explanations  of  the  reasoning  used  for 
either  testing  or  modifying  the  proposed  technique  are 
included  with  this  description.  The  development  process  begins 
with  the  assumption  that,  if  all  factors  were  equal  for  both 
competitors,  both  would  perform  at  equal  levels,  and  both 
would  receive  equal  awards.  In  this  case,  equal  awards  would 
be  allocations  of  50%  of  the  total  annual  procurement  for 
which  the  contractors  are  competing.  With  the  previous  assump- 
tion as  the  starting  point,  the  constraint  that  all  factors 
be  equal  is  then  released  one  factor  at  a time.  As  each  fac- 
tor is  allowed  to  become  unequal  for  the  competitors,  the 
effects  of  that  factor  on  the  competition  are  examined. 

Consideration  is  given  to  the  possibility  that  one  con- 
tractor (Company  A)  might  have  been  under  contract  prior  to 
the  time  that  a competitor  (Company  B)  is  included  for  the 
procurement  competition.  Because  a learning,  or  experience, 
factor  in  production  allows  successive  units  of  an  item  to  be 
produced  with  decreasing  amounts  of  direct  labor  per  unit, 
Company  A would  be  expected  -to  have  a cost  advantage  over 
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Company  B from  the  outset  of  the  competition.  The  basic  idea 
behind  the  proposed  allocation  technique  comes  as  a result  of 
trying  to  compensate  Company  B for  this  disadvantage,  while 
at  the  same  time  retaining  the  unit  line  price  bids  of  the 
competitors  as  the  main  factor  in  the  procurement  competition. 

The  reduction  of  overall  program  cost  to  the  government 
is  the  primary  purpose  behind  the  use  of  a competitive  pro- 
curement. In  order  to  give  the  greatest  support  to  this  pur- 
pose, the  proposed  allocation  technique  employs  the  unit  line 
price  bids  of  the  competitors  as  the  primary  factor  on  which 
to  base  the  procurement  competition.  However,  the  unit  line 
price  bids  are  not,  by  themselves,  the  sole  factor  on  which 
the  competition  may  be  based. 

The  development  of  an  allocation  technique  which  can  be 
stated  in  terms  of  an  equation,  or  a combination  cf  equations, 
makes  possible  the  use  of  a multiplicity  of  factors  as  bases 
for  the  competition.  The  use  of  an  equation  also  allows  for 
the  weighting  of  the  selected  competitive  factors  so  as  to 
reflect  the  relative  importance  of  each  with  respect  to  the 
importance  assigned  to  the  unit  line  price  bids.  This  ability 
to  both  select  and  weight  additional  factors  is  incorporated 
in  order  to  increase  flexibility  in  the  application  of  the 
proposed  technique  by  the  procuring  agency. 

As  the  development  of  the  proposed  technique  progresses, 
hypothetical  data  is  used  to  insure  that  the  intended  results 
are  obtained.  Attempts,  on  the  part  of  the  competitors,  to 
"game"  the  proposed  technique  will  also  be  tested. 
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The  assumption  made  here  is  that  Company  A and  Company  B 
are  equal  in  all  respects.  This  equality  is  assumed  to  be  so 
complete  that  the  two  companies  would  be  almost  indistinguish- 
able were  it  not  for  the  difference  in  company  names.  Under 
these  assumed  conditions,  the  two  companies  would  have  exactly 
the  same  types  and  amounts  of  equipment,  equally  skilled  labor 
forces,  equally  talented  and  innovative  managerial  personnel, 
identical  suppliers  and  subcontractors,  identical  methods  of 
production,  identical  salary  and  wage  rates,  and  would  charge 
equal  rates  of  profit  on  their  profits.  Implicit  in  the 
assumption  that  all  of  these  factors  of  production,  cost,  and 
profit  are  equal,  is  the  assumption  that  the  product  and  the 
unit  line  price  bids  of  both  companies  would  also  be  equal. 

Admittedly,  such  complete  equality  of  both  input  and 
output  for  both  companies  is  an  extremely  unrealistic  assump- 
tion. But,  the  assumption  does  serve  a useful  purpose  in  that 
it  establishes  a starting  point  with  only  one  logical  alloca- 
tion breakdown.  Regardless  of  the  allocation  technique  used, 
if  both  competitors  are  equal  in  all  respects,  and  if  the 
allocations  awarded  are  to  reflect  relative  competitive  per- 
formance, then  both  would  be  awarded  equal  allocations  of  50%. 

In  order  to  progress  from  this  starting  point,  the  assumed 
equality  constraint  must  be  relaxed  due  to  the  fact  that 
"there  are ...  inevitable  differences  in  operating  characteris- 
tics between  any  two  firms,  stemming  from  the  equipment, 
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By  individually  releasing  the  various  cost  elements  from  the 
equality  constraints,  the  effect  that  each  cost  element  has 
on  the  unit  line  price  bids  may  be  examined.  Only  some  of 


the  major  factors  which  influence  the  unit  line  price  bids 
will  be  discussed.  However,  the  following  discussion  is  con- 
sidered sufficient  for  the  purpose  of  remonstrating  that  the 
competitive  advantage  for  any  factor  goes  to  the  competitor 
for  whom  that  factor  would  result  in  the  lower  unit  line 
price  bid. 

The  first  cost  element  examined,  after  release  of  the 
equality  constraint,  it  the  equipment  used  for  the  manufac- 
ture of  the  procured  items.  Various  combinations  of  equip- 
ment and  labor  can  be  used  to  produce  the  same  product.  A 
contractor  may  decide  to  use  either  a highly  automated  pro- 
duction system,  which  requires  a relatively  small  amount  of 
direct  labor,  or  a more  labor  intensive  system  requiring 
less  complex  equipment,  or  any  combination  in  between. 

Several  of  the  possible  combinations  may  be  equally  effi- 
cient in  a technological  sense,  but  only  one  combination  is 
the  most  economically  efficient.  (Ref  6:448)  Depending  on 
the  basis  used  to  determine  the  economic  efficiency  of  the 
system,  the  contractor  may  have  two  alternatives  to  choose 
from.  The  contractor  may  select  either  the  mix  of  capital 
and  labor  which  is  most  economically  efficient  for  the  pro- 
duction of  the  procurement  items  only,  or  he  may  select  the 
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mix  which  is  most  economically  efficient  for  the  entire,  pro- 
curement and  nonprocurement,  production  of  the  firm.  In 
either  case,  the  competitor  who  selects  the  mixture  with  the 
lower  cost  of  producing  the  procurement  items  will  have  the 
competitive  advantage  for  this  cost  factor. 

The  labor  force  employed  by  either  contractor  will  also 
influence  the  competition.  Since  wages  normally  vary  with 
the  skill  levels  and  experience  of  the  workers,  the  contrac- 
tor who  is  better  at  matching  the  workers  with  the  tasks 
required  will  gain  a competitive  advantage.  It  is  the  respon- 
sibility of  the  contractor  to  insure  that  he  neither  pays 
excessively  high  wages  for  workers  with  unnecessarily  high 
skill  levels,  nor  pays  for  an  unnecessarily  high  number  of 
less  skilled  workers. 

The  management  personnel  employed  by  either  contractor 
also  influence  the  costs  used  in  determination  of  the  unit 
line  price  bids.  The  greater  the  talent,  or  managerial  skill 
level,  of  these  personnel,  the  better  chance  a contractor  has 
of  performing  in  the  most  efficient  manner.  Additionally, 
the  more  innovative  these  personnel  are,  the  greater  the  pos- 
sibility of  reducing  costs  through  improved  methods.  A 
detailed  analysis  of  all  the  possible  contributions  which 
management  may  make  is  not  necessary.  The  important  point  to 
be  realized  is  that  the  competitor  with  the  more  effective 
management  will  have  a competitive  advantage  in  this  area. 

Differences  in  the  costs  of  materials,  services,  or 
other  items  received  from  suppliers  and  subcontractors  will 
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also  have  a significant  influence  on  the  unit  line  price  bids 
of  the  competing  firms.  For  this  cost  element  the  competi- 
tive advantage  in  any  given  year  would  belong  to  the  contrac- 
tor with  the  lower-priced  outside  sources  during  that  year. 

The  overall  advantage  in  this  cost  area,  when  viewed  over  the 
entire  period  of  the  procurement  competition,  is  not  depen- 
dent upon  having  the  lower-priced  sources  in  any  particular 
year.  In  order  to  gain  the  overall  advantage,  it  is  incum- 
bent upon  the  competitors  to  find  those  outside  sources  which 
will  offer  the  lowest  prices  over  the  entire  period. 

The  only  factor  of  unit  line  price  over  which  the  com- 
peting contractors  would  have  complete  control  is  the  profit 
rate  used  to  determine  the  bid  price.  The  profit  rate  itself, 
however,  does  not  give  either  competitor  an  advantage.  The 
advantage  would  go  to  the  competitor  with  the  lower  profit, 
which  is  a function  of  both  cost  and  profit  rate.  Therefore, 
either  contractor  should  be  able  to  improve  his  relative  com- 
petitive position  by  decreasing  the  profit  rate  charged. 

The  effects  of  the  learning  factor  on  both  competitors 
must  also  be  considered.  There  is  the  possibility  that  one 
contractor  may  have  a competitive  advantage  gained  from  pro- 
duction experience  prior  to  the  time  the  procurement  is  sub- 
jected to  competitive  allocations.  This  situation  would 
normally  be  expected  as  a result  of  one  of  the  competitors 
having  been  under  contract  during  the  development  of  the  item 
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being  procured.  The  following  section  of  this  report  dis- 
cusses both  the  effects  of  the  learning  factor  and  the  method 
used  to  compensate  for  these  effects  in  the  proposed  procure- 
ment allocation  technique. 

Effects  of  the  Learning  Factor  on  Competition 

"The  cost  effects  of  changing  manual  dexterity,  the  appli- 
cation of  certain  management  innovations,  and  the  interaction 
between  manual  dexterity  and  various  management  innovations 
are  measured  and  predicted  by  the  learning  curve”  (Ref  3:176). 
This  "learning  curve,  in  its  basic  form,  is  simply  a line 
displaying  the  relationship  between  unit  production  time  and 
the  number  of  consecutive  units  of  production"  (Ref  7:526). 

The  theory  of  the  learning  curve  is  that  as  output  is 
doubled,  there  is  a constant  "percent  reduction  in  direct 
production  man-hours  per  unit  between  doubled  units"  (Ref  7: 
526).  For  example,  with  a learning  factor  of  80%,  or  .80, 
if  it  requires  100  man-hours  to  produce  the  first  unit,  then 
the  second  unit  would  require  80  hours  (100  X .80).  The 
fourth  unit,  which  is  double  the  output  as  the  second  unit, 
would  require  only  64  hours  (80  hours  X .80).  "Another  way 
to  express  this  is  that  the  cost  of  direct  labor  hours  of  the 
doubled  quantity  is  80  percent  of  its  initial  value,"  or  "for 
i each  100  percent  increase  (or  doubling)  in  the  quantity  of 

units  produced,  there  would  be  a 20  percent  decrease  in  man- 
hours for  that  quantity"  (Ref  3:177). 


Table  III 

Data  for  a Learning  Factor  of  .80 


Sequential 

Production 

Unit 

Man-hours 
Required  for 
Indicated 

Prod.  Unit 

Difference 
in  Man-hrs 
per  Unit  at 
Doubled 
Quantities 

Percent 
Difference 
at  Doubled 
Quantities 

1 

100.000 

2 

80.000 

20.000 

20% 

3 

70.208 

4 

64.000 

16.000 

20% 

5 

59.580 

6 

56.166 

7 

53.431 

8 

51.200 

12.800 

20% 

9 

49.279 

10 

47.664 

11 

46.215 

12 

44.933 

13 

43.851 

14 

42.774 

15 

41.825 

16 

40.960 

10.240 

20% 

17 

40.171 

18 

39.431 

19 

38.765 

20 

38.112 

32 

32.768 

8.192 

20% 

The  data  for  a learning  factor  of  .80  is  given  in  Table 
III.  Examination  of  this  data  demonstrates  a major  disadvan 
tage  which  may  be  faced  by  Company  B if  it  is  employed  as  a 
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competitive  contractor  subsequent  to  Company  A having  been 
employed. 

In  order  to  demonstrate  the  disadvantage  to  Company  D, 
the  following  conditions  will  be  assumed.  Each  production 
unit  will  represent  1,000  similar  it.'ms.  The  procurement 
allocations  will  be  awarded  such  that  the  competitor  with  the 
higher  unit  line  price  bid  will  receive  an  allocation  of  401 
of  the  procurement  requirement.  This  40%  allocation  repre- 
sents a minimum  award  requirement  for  either  contractor.  The 
remaining  601  of  the  procurement  will  be  awarded  to  the  com- 
petitor having  the  lower  unit  line  price  bid. 

It  is  arbitrarily  assumed  that  Company  A has  produced 
seven  production  units  of  this  particular  procurement  item 
prior  to  Company  B being  included  for  procurement  competi- 
tion. If,  in  the  first  year  of  the  procurement  competition, 
both  companies  are  asked  to  submit  bids  for  a procurement  of 
five  production  units  (5,000  items).  Company  A will  make  its 
bid  based  on  the  man-hour  requirements  of  sequential  produc- 
tion units  8 through  12.  The  bid  by  Company  B will  be  based 
on  the  man-hour  requirements  of  sequential  production  units 
1 through  5.  By  applying  the  earlier  assumption  of  all  things 
being  equal,  but  now  with  the  exception  that  Company  A has  an 
experience  advantage  in  the  production  of  this  item,  the 
effects  of  the  learning  factor  on  the  unit  line  price  bids  of 
both  competitors  can  be  examined. 
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For  the  first  year  of  the  competitive  procurement,  with 


a common  wage  rate  of  $10  per  man-hour  and  a con-ion  profit 
rate  of  10%,  for  each  of  the  competitors  the  man-hour  cost, 
including  profit,  used  to  determine  their  unit  line  price 
bids  would  be: 

Year  1 


Company 

_A 

Company 

_B 

Unit 

Man-hours 

Unit 

Man-hours 

No. 

Required 

Cost 

No. 

Required 

Cost 

8 

51.200 

$512.00 

1 

100.000 

$1000.00 

9 

49.279 

492.79 

2 

80.000 

800.00 

10 

47.664 

476.64 

3 

70.208 

702.80 

11 

46.215 

462.15 

4 

64.000 

640.00 

12 

44.933 

449.33 

5 

59.580 

595.80 

Labor 

cost 

$2392.91 

Labor 

cost 

$3737.88 

Profit  on  labor 

239.29 

Profit 

on  labor 

373.79 

Total 

$2632.20 

Total 

$4111.67 

The  bid  submitted  by 

Company  B would  include 

$1,479.47 

more 

for  direct 

labor  man- 

■hours  required 

. Because 

all 

other  factors  are  assumed  to  be  equal,  the  difference  in  bid 
prices  would  equal  the  difference  due  to  direct  labor  man- 
hours required. 

Therefore  Company  A would  be  awarded  the  601  allocation 
of  three  production  units.  Company  B would  be  awarded  40%, 
or  two  production  units.  With  these  allocations  for  the 
first  year,  in  the  second  year  of  the  competition  Company  A 
would  bid  based  on  production  units  11  through  15,  and  Com- 
pany B based  on  production  units  3 through  7.  The  direct 
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labor  costs,  including  profit,  which  would  be  reflected  in 
the  unit  line  price  bids  for  the  second  year  would  be: 


Year  2 


Company 

_A 

Company 

_B 

Unit 

Man-hours 

Unit 

Man-hours 

No. 

Required 

Cost 

No. 

Required 

Cost 

11 

46.215 

$462.15 

3 

70.208 

$702.08 

12 

44.933 

449.33 

4 

64.000 

640.00 

13 

43.851 

438.51 

5 

59.580 

595.80 

14 

42.774 

427.74 

6 

56.166 

561.66 

15 

41.825 

418.25 

7 

53.431 

534.31 

Labor 

cost 

$2195.98 

Labor 

cost 

$3033.85 

Profit 

on  labor 

219.60 

Profit 

on  labor 

303.39 

Total 

$2415.58 

Total 

$3337.24 

The  bid  submitted  by 

Company  B would  be  $921. 

66  greater 

than  that  submitted  by  Company  A. 

Company  A and  Company  B would  again  be  awarded  alloca- 
tions of  60%  and  40%  respectively.  In  the  third  year  of 
the  competition  Company  A would  then  make  its  bid  based  on 
the  man-hour  requirements  of  production  units  14  through  18, 
and  Company  B based  on  the  requirements  of  production  units 
5 through  9.  The  costs  reflected  in  the  bids  for  the  third 
year  would  then  be: 
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Year  3 


Unit 

Man-hours 

Unit 

Man-hours 

No. 

Required 

Cost 

No. 

Required 

Cost 

14 

42.774 

$427.74 

5 

59.580 

$595.80 

15 

41.825 

418.25 

6 

56.166 

561.66 

16 

40.960 

409.60 

7 

53.431 

534.31 

17 

40.171 

401.71 

8 

51.200 

512.00 

18 

39.431 

394.31 

9 

49.279 

492.79 

Labor 

cost 

$2051.61 

Labor 

cost 

$2696.56 

Profit 

on  labor 

205.16 

Profit 

on  labor 

269.66 

Total 

$2256.77 

Total 

$2966.22 

The  bid  submitted  by  Company  B would  then  be  $709.45 
greater  than  that  submitted  by  Company  A.  Again,  Company  A 
and  Company  B would  be  awarded  allocations  of  60%  and  40% 
respectively. 

Table  IV  lists,  for  the  first  eight  years  of  the  competi- 
tion, the  results  which  would  be  expected  under  the  assumed 
conditions  used  for  this  example.  The  results  are  listed 
for  both  a 40%  minimum  award  requirement  and  a 20%  minimum 
award  requirement.  Due  to  the  higher  unit  line  price  bids, 
Company  B would  be  awarded  the  minimum  award  requirement  allo- 
cation in  all  eight  years. 

The  behavior  of  the  expected  direct  labor  cost,  including 
profit,  for  both  competitors  is  depicted  in  Fig.  3.1.  The 
behavior  of  these  costs  is  demonstrated  by  graphing  the  annual 
costs  as  the  percentage  that  each  is  of  its  preceding  year 
cost.  Separate  curves  are  graphed  for  each  of  the  competitors 


Table  IV 


Expected  Direct  Labor  Costs* 


Year 

With  40%  Minimum  Award 
Requirement 

With  20%  Minimum  Award 
Requirement 

Company  A 

Company  B 

Company  A 

Company  B 

1 

$2,632** 

$4,112 

$2,632 

$4,112 

2 

2,416 

3,337 

2,358 

3,629 

3 

2,257 

2,966 

2,172 

3,339 

4 

2,134 

2,726 

2,034 

3,128 

5 

2,034 

2,551 

1,928 

2,966 

6 

1,952 

2,416 

1,837 

2,835 

7 

1,882 

2,305 

1,765 

2,726 

8 

1,821 

2,213 

1,706 

2,632 

* 

the  expected 

costs  listed 

include  10% 

profit 

A* 

amounts  are 

rounded  to  the 

nearest  whole  dollar 

100H 


1 1 1 i 1 1 1 1 

2 3 4 5 6 7 8 

Year  of  Competition 

Figure  3.1.  Expected  Direct  Labor  Cost  as  a Percent  of 
the  Previous  Year  Cost 
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using  both  40%  and  20%  minimum  award  requirements  for  the 
annual  allocations.  This  figure  is  used  to  demonstrate  the 
fact  that  the  direct  labor  man-hour  requirement  costs  decrease 
at  different  decreasing  rates.  The  rate  at  which  the  costs 
decrease  is  dependent  upon  the  annual  allocations  awarded 
each  competitor. 

The  percentages  depicted  in  Fig.  3.1  are  listed  as  deci- 
mals in  Table  V.  Table  V also  lists  the  annual  ratios  of 
the  expected  costs  for  Company  B to  the  expected  costs  for 
Company  A.  These  ratios  are  then  graphed  in  Fig.  3.2. 

Fig.  3.2  illustrates  changes  in  the  ratio  of  the  costs 
for  Company  B to  the  costs  for  Company  A.  These  ratios  are 
depicted  for  both  the  40%  and  the  20%  minimum  award  require- 
ments. This  figure  shows  that,  over  time,  the  ratio  of  the 
costs  for  Company  B to  those  for  Company  A becomes  an  almost 
constant  value.  With  the  40%  minimum  award  requirement,  the 
cost  ratio  becomes  nearly  constant  when  the  costs  for  Company 
B are  approximately  1.17  times  the  costs  for  Company  A.  Using 
a 20%  minimum  award  requirement,  the  ratio  becomes  nearly 
constant  at  approximately  1.54  times  the  costs  for  Company  A. 

A comparison  of  Fig.  3.1  with  Fig.  3.2  shows  that  as  the 
percentage  change  in  annual  cost  for  both  competitors  becomes 
equal,  under  either  minimum  award  requirement  allocation,  the 
ratio  of  the  costs  for  one  contractor  to  the  costs  for  the 
other  contractor  approaches  a nearly  constant  value.  There- 
fore, even  if  the  levels  of  production  experienced  at  the 


Table  V 

Ratios  of  Expected  Direct  Labor  Costs 


Year 

Allocations  Based  on  a 40% 

Minimum  Award  Requirement 

Bid  Year 

Expected  Cost 

Co . B 

Expected 

Cost** 

Prior  Year 

Expected  Cost 

Co.  A 

Expected 

Cost 

Company  A* 

Company  B* 

1 

*** 

*** 

1.56 

2 

.918 

.812 

1.38 

3 

.934 

.889 

1.31 

4 

.946 

.919 

1.28 

5 

.953 

.936 

1.25 

6 

.960 

.947 

1.24 

7 

.964 

.954 

1.23 

8 

.968 

.960 

1.22 

Allocations  Based  on 

a 20% 

rement 

Bid  Year 

Expected  Cost 

Co.  B 

Expected 

Cost** 

Prior  Year 

Expected  Cost 

Co . A 

Expected 

Cost 

Company  A* 

Company  B* 

1 

*** 

*** 

1.56 

2 

.896 

.883 

1.54 

3 

.921 

.919 

1.54 

4 

.937 

.937 

1.54 

5 

.948 

.948 

1.54 

6 

.955 

.956 

1.54 

7 

.958 

.961 

1.54 

8 

.965 

.966 

1.54 

g-  3 
g.  3 


— — 


itbMM 


1.00 


.50- 

MAR:  Minimum  Award  Requirement 


2345678  20 

Figure  3.2.  Ratio  of  Expected  Costs  of  Direct  Labor  Man- 
hour Requirements  - Company  B to  Company  A 

beginning  of  the  competition,  and  the  allocations  awarded 
during  the  competition,  are  not  equal,  the  ratio  of  the  com- 
petitors' expected  costs  will  become  almost  constant  at  some 
point.  For  both  of  the  cases  shown  in  Fig.  3.2,  the  ratios 
change  less  than  0.0003  between  the  20th  and  21st  years  of 
competition. 
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Use  of  Ratios  in  the  Proposed  Allocation  Technique 

The  previous  section  of  this  report  demonstrated  the 
advantage  which  Company  A receives  as  a result  of  production 
experience  gained  prior  to  the  beginning  of  competition  with 
Company  B.  The  greater  the  amount  of  prior  production  experi- 
ence held  by  Company  A,  the  greater  the  resulting  advantage. 

In  order  to  encourage  active  price  competition,  some  method 
must  be  used  which  will  compensate  for  the  disadvantage 
faced  by  Company  B.  And,  at  the  same  time,  the  unit  line 
price  bids  of  the  competitors  should  be  maintained  as  the 
most  significant  factor  on  which  to  base  the  competition. 

There  are  two  methods  available  for  comparing  the  unit 
line  price  bids  of -the  competing  contractors.  The  first 
method  measures  the  magnitude  of  the  difference  between  bids 
by  subtracting  the  lower  of  the  unit  line  price  bids  from 
the  higher  bid.  This  method  gives  no  indication  of  the  rela- 
tive difference  between  the  bids.  For  example,  the  differ- 
ence of  one  dollar  between  a bid  of  four  dollars  and  a bid 
of  five  dollars  would  be  treated  the  same  as  the  difference 
between  a bid  of  ninety  dollars  and  a bid  of  ninety-one  dol- 
lars. This  is  so  even  though  in  the  first  case  the  one  dol- 
lar represents  a difference  of  20%  between  the  two  bids.  In 
the  second  case,  the  one  dollar  represents  a difference  of 
only  1.1%. 

The  second  method  of  comparing  the  two  bids  gives  the 
relative  difference,  but  no  the  amount  of  the  difference. 
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This  method  expresses  one  bid  in  terms  of  the  other  by  using 
either  percentages  or  ratios  as  a means  for  stating  the  results 
of  the  comparison.  For  the  previous  example,  the  bid  of  four 
dollars  would  be  stated  as  a bid  of  80%  of,  or  .80  times, 
the  bid  of  the  other  competitor.  The  ninety  dollar  bid  would 
be  stated  as  a bid  of  98.91  of,  or  .989  times,  the  bid  of 
the  other  competitor. 

The  second  method  of  comparison  is  more  appropriate  for 
the  type  of  allocation  problem  under  consideration.  The 
reason  for  this  is  the  possibility  of  one  competitor  having 
an  experience  advantage  in  production.  Should  this  be  the 
case,  the  magnitude  of  the  difference  between  bids  would  be 
less  indicative  as  a measure  of  the  competitive  performance 
of  the  contractors.  As  demonstrated  earlier,  the  ratio  of 
the  competitive  bids  will,  at  some  point,  become  almost  con- 
stant. However,  as  the  direct  labor  man-hour  requirements 
continue  to  decrease,  the  magnitude  of  the  difference  between 
bids  will  also  continue  to  decrease. 

For  example,  Company  A might  submit  a bid  of  $100  for  an 
item  in  one  year,  and  a bid  of  $90  for  that  same  item  the 
following  year.  Company  B,  on  the  other  hand,  might  submit 
competing  bids  of  $200  and  $190  for  the  same  items  during 
the  same  two  years.  If  the  magnitude  of  the  difference 
between  bids  were  to  be  used  as  a measure  of  the  competitive 
performance  of  these  companies,  the  companies  would  appear 
to  be  equal.  The  difference  between  competing  bids  would 
be  $100  the  first  year,  and  $100  the  second  year.  If  the 


judgement  of  competitive  performance  were  made  by  comparing 
the  magnitude  of  the  decrease  by  each  competitor  the  second 
year,  they  would  again  seem  to  be  equally  competitive  because 
both  bids  decreased  by  $10  the  second  year.  However,  the  $10 
decrease  by  Company  A was  a 10$  decrease,  whereas  the  $10 
decrease  by  Company  B was  only  a 5$  decrease.  For  any  year 
of  the  competition,  Fig.  3.1  shows  that  Company  B should 
have  a larger  percent  decrease  in  bid  price  than  should  Com- 
pany A.  It  is  the  comparison  of  the  relative  difference, 
not  the  magnitude  of  the  difference,  which  properly  indicates 
that  Company  A performed  more  competitively. 

Relative  differences  and  relative  changes  used  in  the 
proposed  allocation  technique  will  be  expressed  as  ratios 
using  one  decimal  quantity.  For  example,  the  ratio  3:1  will 
be  given  as  3,  or  the  ratio  1:3  will  be  given  as  .333. 

Ratios  will  be  used  to  compare  the  unit  line  price  bids  of 
the  competitors  on  both  a competitor-to-competitor  basis, 
and  an  individual  contractor  year-to-year  basis. 

An  added  advantage  of  the  use  of  ratios  is  that  they  may 
be  represented  by  the  slope  of  a line.  This  will  greatly 
facilitate  the  explanation  of  how  the  proposed  allocation 
technique  operates. 
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Need  for  Variable  Allocations 

In  the  previous  sections  of  this  report  all  annual 
allocations  have  been  made  based  on  a minimum  award  require- 
ment for  either  competitor.  The  competitor  submitting  the 
higher  bid  has  been  awarded  the  minimum  award  requirement  (MAR) 
allocation  for  that  year.  The  competitor  submitting  the  low 
bid  has  been  awarded  the  balance  of  the  annual  procurement 
as  an  allocation  for  that  year. 

On  the  surface  this  may  appear  to  be  a minimum  cost 
technique  for  the  procuring  agency  to  use  in  awarding  the 
annual  allocations.  By  using  this  technique,  the  agency 
buys  only  the  minimum  number  required  at  the  higher  bid 
price,  and  the  balance  of  the  annual  requirement  at  the  lower 
price.  Even  though  it  does  work  well  in  the  short  run,  this 
technique  may  offer  little  or  no  long  run  incentive  for 
either  competitor  to  reduce  his  prices.  There  may  even  be 
an  incentive  for  the  competitors  to  raise  prices.  This  can 
be  demonstrated  with  the  use  of  a curve  representing  the 
demand  for  the  output  of  the  competitors  as  a function  of 
the  unit  line  price  bids  of  both  competitors. 

A typical  demand  curve  is  shown  in  Fig.  3.3.  The  verti- 
cal axis  represents  the  contractor's  unit  line  price  bid,  or 
price  per  unit  ($/q) . The  horizontal  axis  represents  the 
number  of  units  demanded  (Q) . And  the  demand  curve,  line 
DC,  represents  the  relationship  between  price  and  the  quan- 
tity demanded.  The  demand  curve  in  Fig.  3.3  is  normal  in 
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that  "demand  curves  almost  always  slope  downward  to  the 
right"  (Ref  9:95).  The  relationship  depicted  by  this  demand 
curve  is  that,  as  price  decreases,  the  number  of  units 
demanded  increases. 

The  curve  in  Figure  3.4  shows  the  demand  for  the  output 
of  either  contractor  when  the  allocations  are  awarded  on  the 
basis  of  a minimum  award  requirement  (MAR)  for  the  competi- 
tor who  submits  the  higher  unit  line  price  bid.  The  vertical 
and  horizontal  axes  are  the  same  as  those  in  Fig.  3.3.  But, 
the  demand  curve  is  now  a combination  of  lines  D.,^  and  £>2^2’ 
and  the  point  dc:.  There  is  an  additional  point,  BIDc,  which 
is  labeled  on  the  vertical  axis.  This  point  is  the  unit  line 
price  bid  submitted  by  the  competitor  of  the  contractor  for 
whom  the  demand  curve  is  depicted. 

The  demand  curve  in  Fig.  3.4  shows  that  at  any  price 
above  BIDc,  the  amount  of  output  demanded  from  the  contrac- 
tor is  the  MAR.  At  a price  which  is  equal  to  BICc,  the  demand 
for  the  contractor's  output  is  Sp,  where  5p  is  one  half  the 
total  annual  procurement  requirement.  And,  at  any  price 
below  BIDc,  the  demand  for  the  output  of  the  contractor  is 
(Qt-MAR). 

The  possible  incentive  to  increase  prices,  or  the  lack 
of  an  incentive  to  decrease  prices,  stems  from  the  alloca- 
tion of  fixed  quantities,  MAR  and  (Qt-MAR) , to  the  competi- 
tors who  submit  the  high  and  low  bids  respectively. 

There  are  three  possible  prices  (HI,  H2,  and  H3)  shows  for 
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Figure  3.5.  Alternative  Bids  with  Same  Allocation 

the  competitor  submitting  the  higher  bid,  and  three  prices 
(LI,  L2,  and  L3)  shown  for  the  competitor  submitting  the  lower 
bid.  See  Fig.  3.5.  These  prices  will  be  used  to  demonstrate 
the  lack  of  incentive  for  the  competitiors  to  decrease  their 
unit  line  price  bids  when  an  allocation  is  made  based  on  MAR 
allocation  techniques. 

In  the  case  of  the  high  bidder,  Company  B from  previous 
examples,  the  price  at  BIDc  would  be  the  bid  submitted  by 
Company  A.  Assuming  that  the  prior  year  price  charged  by 
Company  B was  HI,  what  are  the  incentives  now  to  change  bids 
to  either  H2  or  H3,  or  to  remain  at  HI?  In  order  to  restrict 
Company  B's  alternatives  to  prices  above  BIDc,  it  is  also 
assumed  that  Company  A's  production  experience  advantage  is 
large  enough  to  allow  Company  A's  price  at  BIDc  to  be  less  than 
Company  B's  cost. 
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Company  B has  three  alternatives  from  which  to  choose: 
1)  maintain  the  price  at  HI;  2)  decrease  the  price  to  H2 ; 
or,  3)  raise  the  price  to  H3.  During  the  upcoming  procure- 
ment, Company  B's  direct  labor  man-hour  requirement  will 
decrease  by  $100  due  to  the  effects  of  the  learning  factor. 
All  other  costs  for  Company  B will  remain  constant  at  the 
level  of  the  prior  year. 

If  Company  B maintains  the  price  at  HI,  the  profit  this 
year  will  be  $100  greater  than  that  for  the  prior  year.  If 
the  price  charged  by  Company  B is  decreased  to  H2,  then  the 
profit  for  this  year  would  be  less  than  that  for  the  prior 
year  by  the  amount  /“((H1-H2)  x MAR)  - $100j7.  And,  by 
increasing  the  price  to  H3,  profit  would  increase  by  the 
amount  /“  ((H3-H1)  x MAR)  + $100  J. 

Listing  the  alternative  prices  in  descending  order  of 
profitability  shows  that  the  higher  the  price,  the  greater 
the  profit.  As  a result,  the  incentive  is  for  Company  B to 
follow  a pricing  policy  which  is  exactly  opposite  the 
intended  purpose  of  the  competitive  procurement. 

An  analysis  of  the  pricing  alternatives  available  to 
Company  A,  the  low  bid  competitor,  reveals  the  same  order  of 
profitability.  In  descending  order  of  profitability,  Com- 
pany A's  alternatives  are  L3,  LI,  and  L2.  Again,  the  incen- 
tive is  for  the  contractor  to  raise  prices,  as  long  as  he 

remains  below  BID  . 
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Figure  3.6.  Demand  Curve  with  Modified  Minimum  Award 
Requirement  Allocations 

The  incentive  to  raise  prices  is  a direct  result  of  the 
fact  that  the  demand  curve  depicted  in  Fig.  3.4  and  Fig  3.5 
is  inelastic,  both  above  and  below  BIDc.  "The  responsive- 
ness of  the  quantity  demanded  to  a change  in  the  price 
(with  the  demand  schedule  unchanged)  is  called  the  elasticity 
of  demand"  (Ref  6:68).  This  elasticity  is  measured  by  the 
ratio  of  the  percent  change  in  quantity  demanded  to  the 
percent  change  in  price. 

The  lack  of  incentive  for  the  competitors  to  reduce 
prices  can  be  reversed,  in  part,  by  changing  the  demand 
curve  in  such  a way  as  to  increase  the  elasticity  of  demand. 
In  order  to  do  this,  the  fixed-quantity  MAR  allocations  for 
the  high  and  low  bidders  must  be  changed  to  variable -quantity 
allocations  which  are  some  function  of  price.  This  requires 
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that  modifications  be  made  to  the  MAR  allocation  technique 
used  thus  far  in  the  report.  A possible  demand  curve  result- 
ing from  the  necessary  modifications  to  the  MAR  allocation 
technique  is  shown  in  Fig.  3.6.  The  minimum  allowable  allo- 
cation to  be  awarded  either  contractor  is  maintained  at  MAR, 
and  the  maximum  allowable,  maintained  at  (Qt-MAR).  However, 
allocations  may  now  be  made  at  points  between  the  minimum 
and  maximum  allocations.  The  new  demand  curve  has  been  con- 
structed such  that,  as  the  ratio  of  the  competitive  bids 
approaches  1.00,  the  elasticity  increases  to  its  maximum 
value.  As  the  ratio  of  the  bids  moves  away  from  1.00,  in 
either  direction,  the  elasticity  decreases.  The  elasticity 
decreases  to  its  minimum  value  of  0.00  as  the  demand  curve 
intersects  either  the  minimum  or  maximum  allowable 
allocations . 

The  following  reasoning  was  used  in  constructing  the  new 
demand  curve.  By  making  it  possible  for  Company  B to  receive 
allocations  greater  than  the  MAR  allocation,  the  advantage 
afforded  Company  A by  its  prior  production  experience  is 
decreased.  Under  the  new  demand  schedule,  the  experience 
advantage  can  be  eliminated  in  a much  shorter  time  period 
if  the  proposed  allocation  technique  properly  compensates 
Company  B for  its  initial  disadvantage.  The  ratio  of  the 
unit  line  price  bids  of  one  competitor  to  those  of  the  other 
competitor  would  become  1.00  with  the  elimination  of  the 
experience  advantage.  Here  again,  the  assumption  has  been 
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made  that  all  factors  are  equal  for  both  competitors.  In 
order  to  encourage  the  greatest  degree  of  competition,  the 
point  of  maximum  elasticity  is  positioned  to  coincide  with 
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the  expected  ratio  of  the  competitors'  unit  line  price  bids. 

The  elasticity  decreases  to  zero  as  the  demand  curve  approaches 
the  MAR  allocations.  This  prevents  the  awarding  of  alloca- 
tions beyond  the  limits  for  either  the  high  or  low  bidder 
under  the  MAR  allocation  method. 

Compensating  for  Initial  Difference  in  Production  Experience 

As  discussed  earlier  in  this  chapter.  Company  B immedi- 
ately finds  itself  at  a competitive  disadvantage  when  Company 
A has  had  prior  production  experience.  If  the  proposed  allo- 
cation technique  is  to  follow  the  principle  that  superior 
competitive  performance  is  rewarded,  and  inferior  performance 
penalized,  then  some  means  must  be  devised  whereby  Company  B 
will  be  compensated  for  the  difference  in  production  experi- 
ence. Without  some  means  of  compensation,  Company  B is  auto- 
matically penalized  by  being  placed  at  a competitive  disad- 
vantage regardless  of  its  performance. 

The  ratios  of  direct  labor  costs,  as  listed  in  Table  V 
and  depicted  in  Fig.  3.1,  show  that  if  the  ratios  of  year-to- 
year  expected  direct  labor  costs  for  each  competitor  were 
used  as  a competitive  factor,  then  Company  B could  have  the 
competitive  advantage.  Because  this  possible  advantage  and 
the  production  experience  disadvantage  decrease  over  the 
same  time  period,  it  is  possible  to  compensate  Company  B by 
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including  the  year-to-year  cost  ratios  as  factors  of  the 
annual  procurement  competition. 


The  method  used  to  include  the  year-to-year  cost  ratios 
is  to  adjust  the  annual  unit  line  price  bids  of  the  competi- 
tors. This  adjustment  is  accomplished  by  multiplying  the 
unit  line  price  bids  times  the  respective  competitor's  annual 
ratio.  These  adjusted  unit  line  price  bids  are  computed  as: 

Adjusted  Price  Bid  = (3) 

Price  Bid  (present  yr)  x Price  Bid  (present  yr) 

Price  Bid  (prior  yr) 

This  method  of  price  bid  adjustment,  hereafter  referred  to 
as  Method  I,  can  be  demonstrated  by  using  the  expected 
direct  labor  costs  to  represent  the  unit  line  price  bids. 
Using  Method  I with  the  40%  MAR  expected  costs  from  Table  IV 
and  the  year-to-year  expected  cost  ratios  from  Table  V,  the 
adjusted  unit  line  price  bids  for  the  second  year  of  compe- 
tition would  be: 

Company  A 

Adjusted  Price  Bid  = $2,416  X .918 

= $2,218 

Company  B 

Adjusted  Price  Bid  = $3,337  X .812 

= $2,710 
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The  ratio  of  Company  B’s  expected  costs  to  those  of  Company 
A would  now  be  1.22,  rather  than  the  original  1.38  as 
listed  in  Table  V.  The  results  of  using  Method  I for  the 
entire  competition  period  covered  by  Tables  IV  and  V are 
listed  in  Table  VI.  Included  in  Table  VI  are  the  original 
unadjusted  cost  ratios.  A comparison  of  the  contractor-to- 
contractor  cost  ratios,  with  and  without  compensation  to 
Company  B,  shows  that  the  effect  of  Method  I decreases  over 
time . 

With  the  40%  MAR  allocation.  Company  B's  expected  costs 
for  the  second  year  decreased  from  1.38  times  Company  A's 
costs,  without  compensation,  to  1.22  times  Company  A's 
costs,  with  compensation.  This  is  a decrease  of  42.1%  in 
the  difference  between  the  two  contractors'  costs  when  Com- 
pany B is  compensated  for  the  difference  in  prior  production 
experience.  By  the  eighth  year,  the  ratio  of  Company  B's 
expected  costs  to  those  of  Company  A decreases  from  1.22 
without  compensation,  to  1.21  with  compensation.  This  is 
only  a 4.5%  decrease  in  the  difference  of  expected  costs. 
This  decreasing  effect  of  the  compensation  for  Company  B is 
appropriate  in  that  the  ratio  of  Company  A's  production 
experience  to  that  of  Company  B also  decreases  as  the  total 
number  of  units  produced  increases. 

Repeating  the  same  comparison  under  the  20%  MAR  alloca- 
tion shows  that  the  cost  ratio  in  year  two  decreases  from 
1.54  to  1.52.  This  is  a 3.7%  reduction  in  the  difference 
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Table  VI 

Adjusted  Cost  Ratios  Using  Method  I 


Year 

Allocations 

Based 

on  a 40% 

MAR 

Adjusted 

Costs 

Ratio : 

Co . 

B to  Co.  A 

Company  A 

Company 

B 

Adjusted 

Unadj  usted 

1 

** 

* * 

* * 

1.56 

2 

$2,218 

$2,710 

1.22 

1.38 

3 

2,105 

2,637 

1.25 

1.31 

4 

2,019 

2,505 

1.24 

1.28 

5 

1,938 

2,388 

1.23 

1.25 

6 

1,874 

2,288 

1.22 

1.24 

7 

1,814 

2,199 

1.21 

1.23 

8 

1,763 

2,124 

1.21 

1.22 

Allocations 

Based 

on  a 20% 

MAR 

1 

** 

** 

** 

1.56 

2 

$2,113 

$3,204 

1.52 

1.54 

3 

2,000 

3,069 

1.53 

1.54 

4 

1,906 

2,931 

1.54 

1.54 

5 

1,828 

2,811 

1.54 

1.54 

6 

1,754 

2,710 

1.54 

1.54 

7 

1,691 

2,620 

1.54 

1.54 

8 

1,646 

2,543 

1.54 

1.54 

**  not  calculated  because  there  is  no  prior  year  for 
Company  B 


between  the  price  bids  of  the  competitors.  At  the  eight 
year  point,  the  reduction  of  the  difference  in  price  bids 
is  04 . 
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This  adjustment  method  cannot  be  used  to  compensate 
Company  B during  the  first  year  of  the  competition.  This  is 
due  to  the  fact  that  Company  B would  have  no  prior  year  price 
bid  with  which  to  compute  the  necessary  price  ratio.  The 
effect  of  using  Method  I is  demonstrated  in  Fig.  3.7.  Allo- 
cations for  the  first  year  could  be  based  on  any  method  deemed 
appropriate  by  the  procuring  agency. 
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Table  VII 

Expected  Bud  Ratios  Using  Method  I* ** *** 


Year 

Expected  Bud  Including  $10K  Added  Costs 

Unadjusted  Bids 

Company  A 

Company  B 

Ratio:  Co.  B to  Co.  A 

1 

$12,632 

$14,112 

1.12 

2 

12,416 

13,337 

1.07 

3 

12,257 

12,966 

1.06 

4 

12,134 

12,726 

1.05 

5 

12,034 

12,551 

1.04 

6 

11,952 

12,416 

1.04 

7 

11,882 

12,305 

1.04 

8 

11,821 

12,213 

1.03 

Adjusted 

Bids 

1 

* * 

* * 

** 

2 

$12,205 

$12,603 

1.03 

3 

12,095 

12,603 

1.04 

4 

12,013 

12,484 

1.04 

5 

11,938 

12,375 

1.04 

6 

11,868 

12,279 

1.04 

7 

11,811 

12,194 

1.03 

8 

11,762 

12,115 

1.03 

*** 

* for  this  illustration  all  data  is  based  on  a 40%  MAR 

**  not  calculated  because  there  is  no  prior  year  for 
Company  B 

***  Table  VII  is  continued  on  next  page  for  $20K  added 
costs 

Method  I.  This  distortion  is  a result  of  the  fact  that  the 
learning  factor  affects  100%  of  the  total  costs  used  in  the 
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Table  VII  continued 


Year 

Expected  Bid  Including 

$20K  Added  Costs 

Unadjusted  Bids 
Company  A Company  B 

Ratio:  Co.  B to  Co.  A 

1 

$22,632 

$24,112 

1.06 

2 

22,416 

23,337 

1.04 

3 

22,257 

22,966 

1.03 

4 

22,134 

22,726 

1.03 

5 

22,034 

22,551 

1.02 

6 

21,952 

22,416 

1.02 

7 

21,882 

22,305 

1.02 

8 

21,821 

22,213 

1.02 

Ad  j listed 

Bids 

1 

** 

** 

** 

2 

$22,192 

$22,590 

1.02 

3 

22,098 

22,599 

1.02 

4 

22,023 

22,499 

1.02 

5 

21  ,924 

22,371 

1.02 

6 

21,864 

22,282 

1.02 

7 

21  ,816 

22,193 

1.02 

8 

21,756 

22,124 

1.02 

**  not  calculated  because  there  is  no  prior  year  for 
Company  B 
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explanation.  In  reality,  the  learning  factor  would  only 
decrease  those  costs  resulting  from  direct  labor. 

A more  accurate  description  of  the  impact  that  Method 
I has  on  the  unit  line  price  bid  ratios  is  shown  by  Table 
VII  and  Fig.  3.8.  In  these  illustrations  the  direct  labor 
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costs  from  the  earlier  examples  represent  only  a portion  of 
the  total  unit  line  price  bids.  Additional  costs  of  $10,000 
and  $20,000,  including  profit,  are  added  to  the  direct  labor 
costs.  With  these  additional  costs  included,  direct  labor 
represents  approximately  20%  and  10%,  respectively,  of  the 
total  unit  line  price  bids.  This  is  a much  more  realistic 
approximation  of  the  actual  cost  behavior  to  be  expected 
during  the  period  of  the  competitive  procurement. 

The  second  method  of  compensating  for  the  difference  in 
production  experience,  Method  II,  is  to  adjust  the  unit  line 
price  bids  by  using  two  year-to-year  price  ratios.  Rather 
than  using  only  the  one  ratio  of  present  year  price  bid  to 
prior  year  price  bid,  Method  II  also  includes  the  year-to- 
year  ratio  from  the  preceding  year.  Using  Method  II,  the 
adjusted  price  bid  for  year  n is  computed  as: 

Adjusted  Price  Bid  + 

J n 

Price  Bid  X Price  Bidn  X Price  Bidn-1  (4) 

n 

Price  Bid  . Price  Bid 

n-1  n-2 

For  the  same  reason  as  with  Method  I,  this  method  can- 
not be  used  for  the  first  year  of  the  competition.  And,  in 
order  to  use  Method  II  for  the  second  year  of  the  competi- 
tion, one  modification  is  made.  The  ratio  of  the  price  bid 

for  year  two  to  the  price  bid  for  year  one  is  used  twice. 

After  making  this  modification  to  Equation  4,  the  adjusted 

price  bids  for  the  second  year,  n equals  two,  would  be 
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computed  as: 


Adjusted  Price  Bid2 
Price  Bid-,  X 


Price  Bid., 
Price  Bid^ 


Price  Bid^ 
Price  Bid^ 


(5) 


For  the  second  year  of  the  competition,  the  ratio  of  the 
expected  costs  for  Company  B to  those  of  Company  A is  now 
1.08,  as  compared  to  the  1.38  ratio  without  compensation, 
or  the  1.22  ratio  with  Method  I.  Method  II,  by  using  two 
year-to-year  ratios  for  determining  the  adjusted  price  bids, 
compensates  for  78.95%  of  the  prior  production  experience 
disadvantage  when  the  allocations  are  made  on  a 40%  MAR 
basis  . 

The  results  of  using  Method  II  for  the  first  eight 
years  of  the  competitive  procurement  are  listed  in  Table 
VIII.  These  results  are  based  on  the  same  data  as  that 
used  for  Table  VI.  The  effects  of  Methods  I and  II  on  the 
ratio  of  Company  B's  unit  line  price  bids  to  those  of  Com- 
pany A are  shown  in  Fig.  3.9.  The  effect  of  adjusting  the 
price  bids  by  using  one  annual  ratio,  Method  I,  and  the 
effect  using  two  annual  ratios.  Method  II,  are  shown  for 
both  the  40%  and  20%  MAR  allocations. 

The  ratios  depicted  in  Fig.  3.9  were  computed  using 
only  that  portion  of  the  competitors'  unit  line  price  bids 
which  is  subject  to  the  effects  of  the  learning  factor. 

Figure  3.10  demonstrates  the  effect  of  Method  II 
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Table  VIII 

Adjusted  Cost  Ratios  Using  Method  II 


**  not  calculated  because  there  is  no  prior  year  for 
Company  B 


when  costs  other  than  those  affected  by  the  learning  factor 
are  included  in  the  expected  unit  line  price  bids.  The  same 
additional  costs  are  used  for  Fig.  3.10  as  were  used  for  Fig 
3.8.  Table  IX  lists  for  Method  II  the  expected  bids  and  bid 


Year 

Allocations  Based 

on  a 40% 

MAR 

Adj  usted 

Costs 

Ratio : 

Co . 

B to  Co.  A 

Company  A 

Company  B 

Method 

II 

Method  I 

1 

* * 

* * 

* * 

** 

2 

$2,036 

$2,178 

1.08 

1.22 

3 

1,930 

2,139 

1.11 

1.25 

4 

1,885 

2,227 

1.18 

1 . 24 

5 

1,835 

2,194 

1.20 

1.23 

6 

1,786 

2,141 

1.20 

1.22 

7 

1,741 

2,083 

1.20 

1.21 

8 

1,699 

2,027 

1.19 

1.21 

Allocations  Based 

on  a 20% 

MAR 

1 

* * 

** 

** 

** 

2 

$1,893 

$2,826 

1.49 

1.52 

3 

1,792 

2,711 

1.51 

1.53 

4 

1,755 

2,696 

1 . 54 

1 . 54 

S 

1,711 

2,635 

1.54 

1.54 

6 

1,659 

2,569 

1.55 

1.54 

7 

1,616 

2,505 

1 . 55 

1.54 

8 

1,584 

2,444 

1 . 54 

1.54 

Figure  3.9.  Comparison  of  Ratios  Using  Methods  I and  II 


ratios  when  added  costs  are  included  in  the  bids.  The  data 
from  Fig.  3.10  is  expanded  in  Fig.  3.11  for  better 
illustration. 

The  difference  in  adjusted  ratios  between  Method  I and 
Method  II  is  illustrated  in  Fig.  3.12.  Examination  of  Fig. 
3.12  and  comparison  of  the  ratios  listed  in  Tables  VII  and 
IX  demonstrate  an  important  advantage  that  the  use  of  Method 
II  has  over  the  use  of  Method  I.  For  competition  years  two 
through  eight.  Method  II  has  average  ratios  which  are  25% 
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rwithout  Method  II 


-with  Method  II 


1.04 

1.01 


(see  Fig.  3.11) 


ratios  based  on 
40*  MAR 


1 2 3 4 5 6 7 8 20 

Year  of  Competition 


Figure  3.10.  Ratio  of  Expected  Unit  Line  Price  Bids  (II 


-+  $20K  added  costs 


.without  Method  II 
,with  Method  II 


Figure  3.11.  Expansion  of  Fig.  3.10 
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Table  IX 


Expected  Bid  Ratios  Using  Method  II* 


Year 

Expected 

Bids  Including 

$10K  Added  Costs 

Unadjusted 
Company  A 

Bids 

Company  B 

Ratio:  Co.  B to  Co.  A 

1 

$12,632 

$14,112 

1.12 

2 

12,416 

13,337 

1.07 

3 

12,257 

12,966 

1.06 

4 

12,134 

12,726 

1.05 

5 

12,034 

12,551 

1.04 

6 

11,952 

12,416 

1.04 

7 

11,882 

12,305 

1.04 

8 

11,821 

12,213 

1.03 

Adjusted 

Bids 

1 

* * 

** 

** 

2 

$12,024 

$11,912 

0.99 

3 

11,893 

11,913 

1.00 

4 

11,849 

12,143 

1.02 

5 

11,815 

12,149 

1.03 

6 

11,773 

12,114 

1.03 

7 

11,732 

12,064 

1 . 03 

8 

11,691 

12,013 

1.03 

* is  at 

for  this  illustration  all  data  is  based  on  a 401  MAR 

not  calculated  because  there  is  no  prior  year  for 
Company  B 


***  Table  IX  is  continued  on  next  page  for  $20K  added 
costs 


and  50%  closer  to  a ratio  of  1.00  for  the  +$10K  and  +$20K 
added  costs  respectively.  But,  even  more  important  is  the 
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Year 

Expected  Bids  Including  $20K  Added  Costs 

Unadjusted 
Company  A 

Bids 

Company  B 

Ratio:  Co.  B to  Co.  A 

1 

$22,632 

$24,112 

1.06 

2 

22,416 

23,337 

1.04 

3 

22,257 

22,966 

1.03 

4 

22,134 

22,726 

1.03 

5 

22,034 

22,551 

1.02 

6 

21,952 

22,416 

1.02 

7 

21,882 

22,305 

1.02 

8 

21,821 

22,213 

1.02 

Adjusted 

Bids 

1 

** 

** 

** 

2 

$21,990 

$21,861 

0.99 

3 

21,888 

21,874 

1.00 

4 

21,856 

23,131 

1.01 

5 

21,813 

22,143 

1.02 

6 

21,771 

22,110 

1.02 

7 

21,731 

22,062 

1.02 

8 

21,691 

22,012 

1.01 

**  not  calculated  because  there  is  no  prior  year  for 
Company  B 


fact  that  during  competition  years  two  through  five,  when 
the  difference  in  production  experience  is  greater,  the 
average  ratios  are  67%  and  50%  closer  to  1.00  when  Method 
II  is  used  rather  than  Method  I.  Another  advantage  of  the 
use  of  Method  II  is  that  the  inclusion  of  more  than  one 


Figure  3.12.  Comparison  of  Methods  I and  II  with  Added  Costs 


year-to-year  ratio  in  the  adjustment  method  makes  it  more 
advantageous  for  either  competitor  to  lower  the  unit  line 
price  bids  at  the  earliest  opportunity.  A further  explana- 
tion of  this  advantage  will  be  given  later  in  this  report. 

Method  II,  because  of  the  aforementioned  advantages, 
is  the  method  which  is  used  to  compensate  for  the  production 
experience  disadvantage  of  Company  B in  the  proposed  alloca- 
tion technique. 
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Contractor  Bidding 

The  unit  line  price  bids  solicited  from  the  competing 
contractors  must  cover  the  entire  range  of  possible  alloca- 
tions. This  differs  greatly  from  what  could  be  considered 
the  normal  competitive  procurement  - -one  in  which  each  of 
the  contractors  bids  a certain  price  for  a specific  quantity 
of  procurement  items.  In  the  special  type  of  procurement 
under  consideration,  the  competitors  do  not  know,  at  the 
time  of  bidding,  the  exact  number  of  items  each  will  pro- 
vide. This  information  is  not  known  until  after  the  bids 
are  evaluated  and  the  allocations  awarded.  However,  the 
magnitude  of  the  total  procurement  is  known  in  advance,  as 
well  as  any  MAR  allocation  requirements.  The  bidding  tech- 
nique used  in  such  a procurement  situation  must  meet  two 
requirements.  First,  the  bidding  technique  must  provide 
some  means  by  which  each  contractor  can  submit  a valid  bid 
for  whatever  quantity  he  is  finally  allocated.  And  second, 
there  must  be  some  means  by  which  each  of  the  competitor's 
bids  can  be  translated  into  a single  number  for  use  in  com- 
puting the  overall  competitive  indices  described  in  Chapter 
II  of  this  report. 

A seemingly  obvious  solution  to  the  first  requirement 
would  be  to  have  each  of  the  competitors  submit  a bid  for 
each  of  the  possible  allocation  quantities.  However,  this 
solution  would  be  rather  cumbersome  since  the  proposed  allo- 
cation technique  is  designed  for  large  quantity  procurements. 


And  the  large  number  of  individual  items  involved  (in  the 
A-10  30mm  ammunition  case,  millions  of  items)  could  require 
an  equally  large  number  of  individual  bids.  The  actual 
number  of  bids  required  would  be  a function  of  the  total 
number  of  items  to  be  procured,  any  predetermined  MAR 
allocations,  and  the  number  of  decimal  places  used  for  the 
final  allocation  percentages.  In  order  to  reduce  the  number 
of  individual  quantity  bids,  the  following  method  is  proposed 
for  contractor  bidding. 

Proposed  Bidding  Method 

The  proposed  bidding  method  requires  only  a small  number 
of  bids  by  each  of  the  competing  contractors.  By  soliciting 
unit  line  price  bids  for  a representative  number  of  alloca- 
tion levels,  unit  line  prices  for  intermediate  allocations 
can  be  determined  by  regression  analysis.  Using  this  method, 
the  required  number  of  bids  per  contractor  may  be  reduced  to 
as  few  as  four  or  five.  For  demonstration  purposes,  five 
unit  line  price  bids  per  contractor  will  be  used. 

The  levels  for  which  bids  are  required  are  determined 
by  dividing  that  portion  of  the  total  procurement  quantity 
not  subject  to  MAR  restrictions  into  (n-1)  equal  portions, 
where  n is  the  number  of  bids  solicited  from  each  competitor. 
Bids  would  be  solicited  for  the  MAR,  100%-MAR,  and  (n-2)  inter- 
mediate allocation  levels. 
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% of  Total  Procurement 


Figure  3.13.  Bid  Levels  with  a 20%  MAR 


Figure  3.14.  Bid  Levels  without  MAR  Restrictions 

Figure  3.13  depicts  the  bid  levels  for  five  bids  with  a 
20%  MAR  restriction  on  the  allocations.  The  lowest  level 
for  which  a bid  is  submitted  is,  therefore,  20%  and  the  highest 
bid  level  is  80%  (100%  - MAR).  The  three  (n-2)  intermediate 
bid  levels  are  evenly  spaced  between  the  lowest  and  highest 
bid  points.  Each  contractor  would  submit  bids  based  on  the 
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Quantity 


Figure  3.15.  Unit  Line  Price  vs  Quantity 

price  per  unit  for  allocation  levels  of  20,  35,  50,  65,  and 
80%  of  the  total  procurement  quantity. 

Figure  3.14  depicts  the  bid  levels  for  five  bids  with 
no  MAR  restrictions.  For  this  particular  case,  the  total 
procurement  would  be  divided  into  five  (n)  equal  portions. 

No  bid  would  be  solicited  for  the  0%  allocation  level. 

Because  the  bids  are  based  on  the  unit  line  price, 
which  is  the  cost-per-unit  or  average  cost,  at  each  of  the 
various  bid  levels,  an  approximation  can  be  made  of  the 
general  relationship  of  the  bids  for  either  contractor. 
Figure  3.15  depicts  this  relationship. 

There  are  certain  economies  of  scale  which  allow  the 
average  price  per  unit  to  decrease  as  the  quantity  produced 
increases.  At  some  point  in  production,  however,  disecono- 
mies of  scale  may  cause  the  average  cost  to  start  increasing 
as  the  quantity  produced  continues  to  increase.  Without 
going  into  a detailed  discussion  of  short-run  and  long-run 
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average  cost  curves,  economies  and  diseconomies  of  scale, 
and  comparisons  of  the  different  ranges  of  output  within 
different  industries  for  which  the  average  cost  declines 
with  increasing  quantity,  the  assumption  is  made  that  the 
average  costs  for  these  competitors  will  decrease  at  a 
decreasing  rate  as  the  quantity  increases  until  a point  is 
reached  at  which  the  average  cost  may  begin  to  increase  at 
an  increasing  rate  (Ref  9:154-194).  The  actual  relation- 
ship for  Fig.  3.15  is  further  assumed  to  be  some  form  of  a 
smooth  curve- -either  exponential,  logarithmic,  or  quadratic. 

Through  the  use  of  regression  analysis,  a curve  can  be 
fitted  to  the  actual  bids  of  either  contractor.  This  curve 
should  give  an  approximation  which  is  sufficiently  accurate 
for  comparison  of  the  competing  bids  of  the  contractors. 

This  curve  can  also  be  used  to  determine  unit  line  prices 
for  any  allocation  level  for  which  a specific  bid  is  not 
solicited.  In  order  to  reduce  the  bids  of  either  contractor 
to  a single  number,  the  average  bid  for  each  competitor  is 
calculated  using  the  fitted  curve. 

Consideration  was  given  to  the  use  of  an  averaging  tech- 
nique similar  to  that  for  determining  expected  times  in  the 
Program  Evaluation  and  Review  Technique  (PERT).  With  PERT 
the  most  likely  value  is  weighted  four  times  as  great  as  the 
extreme  values  when  computing  the  expected  time  required  for 
an  activity  (Ref  5:19).  The  use  of  such  a technique  was 
considered  as  an  additional  means  of  reducing  the  chances  of 


either  competitor  submitting  artificially  high  or  low  bids. 
This  was  determined  to  be  unnecessary  because  there  already 
are  inherent  risks  associated  with  the  use  of  bids  which 
are  either  higher  or  lower  than  what  they  would  be  using  a 
normal  cost  plus  profit  bid  determination. 

Either  competitor  may  decide  that  he  knows  enough  about 
his  competitor's  costs  that  he  can  closely  predict  the  final 
allocations,  even  before  the  actual  bid  submission.  Given 
such  a situation,  a competitor  may  be  tempted  to  raise  his 
bid  for  the  allocation  level  he  expects  to  receive.  This 
artificially  high  bid  could  then  be  offset  by  submitting 
artificially  low  bids  for  the  levels  he  does  not  expect  to 
receive.  The  risk  associated  with  this  strategy  is  that  the 
artificially  high  bid  could  be  great  enough  to  push  the  allo- 
cation for  this  bidder  down  to  an  allocation  level  which  has 
been  bid  artificially  low.  Should  this  happen,  the  bidder 
would  then  be  required  to  provide  his  allocated  quantity  at 
a unit  line  price  which  is  less  than  the  normal  cost  plus 
profit . 

Figure  3.16  illustrates  the  proposed  bidding  technique 
using  the  bid  levels  from  Fig.  3.13.  The  bids  at  each  of 
the  five  bid  levels  are:  $25.00  per  unit  for  a 20%  alloca- 
tion, $15.00  for  35%,  $14.50  for  50%,  $12.00  for  65%,  and 
$15.00  for  80%.  The  line  AA ' has  been  calculated  by  quadratic 
regression.  The  quadratic  equation 

Y = a2x2  + axx  + aQ  (6) 
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Vfx'l  = 0.00888889X  - 1.04222222x  + 41.78888889 


Figure  3.16.  Bid  Adjustment  by  Quadratic  Regression 
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where  £ is  the  unit  line  price  bid,  x is  the  allocation  bid 
level  as  a percent  of  total  procurement,  and  n is  the  number 
of  bid  levels,  is  used  to  approximate  the  unit  line  price 
bid  at  any  allocation  level.  The  adjusted  bids  used  for 
the  allocation  competition  are  then  determined  by  the 
equation 

y(x)  = a2x2  + ajX  + aQ  (10) 

(Ref  11:58-63) 

The  average  bid  for  each  contractor  is  then  calculated 
by  first  integrating  Equation  10  over  the  interval  from  the 
lowest  bid  level  to  the  highest  bid  level,  and  then  dividing 
by  the  length  of  the  interval. 

The  use  of  this  bidding  technique  meets  both  of  the 
previously  stated  requirements.  Unit  line  prices  for  any 
allocation  level  can  be  determined  by  the  use  of  Equation  10. 
And  the  average  bid  figure  computed  for  each  competitor  can 
then  be  used  to  compute  the  overall  competitive  indices 
described  in  Chapter  II  of  this  report. 

Determination  of  Contractor  Allocations 

The  final  determination  of  the  allocations  to  be  awarded 
each  of  the  competitors  is  based  on  the  ratio  of  their  indi- 
vidual overall  competitive  indices.  The  use  of  a ratio, 
rather  than  the  absolute  magnitude  of  the  difference  of  the 
indices,  easily  lends  itself  to  a graphic  explanation  of  the 
proposed  allocation  technique.  This  is  accomplished  by  using 
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Figure  3.17.  Equal  Competitor  Allocations 


the  slope  of  a line  to  represent  the  ratio  of  the  overall 
competitive  indices.  Placing  one  end  of  this  sloped  line  at 
the  origin  of  an  X-Y  coordinate  system,  the  X and  Y coordin- 
ates of  any  point  along  the  line  could  be  used  to  determine 
the  final  allocations. 

It  was  previously  stated  that  if  both  competitiors  were 
equal,  then  both  should  be  awarded  equal  allocations.  For 
purposes  of  the  competitive  procurement  situation  under  con- 
sideration, the  competitors  are  considered  equal  when  the 
ratio  of  the  overall  competitive  indices  is  represented  by  a 
line  with  a slope  of  one.  In  such  a case,  the  X and  Y coor- 
dinates of  any  point  on  the  line  would  be  equal  and  represent 
allocations  of  50%  for  each  of  the  competitors.  Fig  3.17 
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Figure  3.18.  Variable  Competitor  Allocations 


depicts  this  relationship.  The  diagonal  line  has  a slope  of 
one,  and  the  points  a,  b,  and  c all  have  X and  Y coordinates 
which  are  equal . 

In  order  to  determine  the  allocations  when  the  slope  is 
something  other  than  one,  an  arc,  of  radius  one  and  centered 
at  the  origin,  is  drawn  on  the  X-Y  coordinate  system.  The 
point  of  intersection  (I)  of  the  sloped  line  (OS')  and  the 
90-degree  arc  (AA')  is  used  to  determine  the  allocations. 

See  Fig.  3.18.  Points  on  the  X and  Y axes  correspond  to  the 
allocations  awarded  to  the  competitors.  When  the  line  OS' 
has  a slope  of  one,  the  points  B and  B'  both  represent  allo- 
cations of  50?  of  the  total  procurement.  The  points  A and 
A'  each  represent  an  allocation  of  100%  for  the  corresponding 
competitor.  The  line  segments  AB  and  A'B'  represent  uniformly 
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Figure  3.19.  Low  Index  Competitor  Allocation 


distributed  allocation  levels.  The  line  OSJ , with  slope 
0.6104,  corresponds  to  a 75%  allocation  for  Company  B--its 
horizontal  intercept  is  midway  between  B'  (50%)  and  A’  (100%). 
Company  A's  allocation  would  therefore  be  25%  (100%  - 75% 
awarded  to  Co.  B) . The  reverse  would  happen  if  the  slope 
were  the  inverse  of  0.6104.  Line  OS,,  with  slope  1.6383, 
corresponds  to  a 75%  allocation  for  Company  A and  25%  for 
Company  B. 

Because  of  the  symmetry  about  line  OS',  Fig.  3.18  can  be 
simplified  to  Fig.  3.19  without  altering  the  results.  How- 
ever, in  this  case,  the  slope  of  the  line  from  the  origin  is 
always  determined  by  dividing  the  lower  of  the  two  overall 
competitive  indices  by  the  higher  index. 

In  order  to  increase  the  elasticity,  or  responsiveness 
of  changes  in  allocations  to  changes  in  the  index  ratio 


73 


(slope),  a simple  modification  is  made  to  Fig.  3.19.  See 


Fig.  3.20.  This  modification  is  to  move  the  origin  of  the 


e 


arc  AA'  from  point  0 to  a point  farther  out  the  line  OS'. 

A vertical  line  is  added  from  point  AJ  to  point  f<2  t0  cover 
those  cases  in  which  the  sloped  line  OS'  would  be  below  the 
arc.  The  farther  the  arc  A^Aj  is  moved  the  greater  the 
elasticity. 

With  the  origin  of  the  arc  located  a distance  of  one 
unit  from  the  original  X-Y  origin,  the  previous  competitive 
index  ratio  of  0.6104  corresponds  to  a 91.82%  allocation  for 
the  competitor  having  the  lower  index.  This  allocation  is 
1.22  times  as  large  as  it  was  for  the  same  ratio  before  the 
arc  was  moved. 
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Table  X 

Allocations  for  Low  Index  Competitor 


Index 

Allocations  * 

Ratio 

(Slope) 

r=0 

r=l 

r=2 

r=3 

1.00 

50.00 

50.00 

50.00 

50.00 

0.90 

56.18 

62.00 

67.48 

72.60 

0.80 

62.59 

73.55 

82.85 

90.39 

0.70 

69.14 

84.03 

94.45 

99.67 

0.60 

75.67 

92.60 

99.90 

100.00 

0.50 

81.98 

98.28 

100.00 

100.00 

*Allocations  are 

given  as  % of 

total  annual 

procurement . 

Table  X demonstrates  the  changes  in  the  allocation 
levels  for  the  low  index  competitor  when  the  arc  is  moved 
different  distances  from  the  origin  0.  The  distance  that 
the  center  of  the  arc  has  been  moved  from  the  origin  is 
designated  r in  Fig.  3.20. 

The  line  A^^,  which  includes  arc  A^AJ , approximates 
the  shape  of  the  bottom  half  of  the  demand  curve  in  Fig.  3.6. 
The  most  notable  difference  is  that  the  maximum  allocation 
in  Fig.  3.6  is  (Qt  - MAR),  or  the  total  annual  procurement 

r 

minus  an  MAR  allocation.  However,  the  maximum  allocation  in 
Figs.  3.18  through  3.20  is  100%. 

The  MAR  allocation  requirement  is  handled  easily  in  the 
proposed  allocation  technique  by  including  one  more  minor 
modification.  Using  the  variable  elasticity  method  depicted 
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Figure  3.21.  MAR  Restriction  Allocation 

in  Fig  3.20,  a vertical  line  is  drawn  from  the  horizontal 
axis  to  the  arc  at  the  (Qt  - MAR)  allocation  level.  See 
Fig.  3.21.  The  line  LL^  limits  the  allocation  for  the  low 
index  competitor  in  such  a way  as  to  insure  that  the  high 
index  competitor  will  receive  at  least  the  MAR  allocation. 
A demonstration  of  the  use  of  the  entire  proposed 
111  allocation  technique  is  given  in  the  following  chapter. 


IV.  DEMONSTRATION  AND  TESTING 
OF  PROPOSED  TECHNIQUE 


Introduction 

The  first  part  of  this  chapter  employs  hypothetical  data 
to  demonstrate  the  use  of  the  proposed  allocation  technique. 
The  same  method  is  used  for  both  competitors  to  determine  the 
annual  and  overall  competitive  indices.  Therefore,  a com- 
plete demonstration  of  the  computation  of  these  indices  is 
performed  for  only  one  competitor.  This  demonstration  will 
include  additional  competitive  factors,  as  discussed  in 
Chapter  II,  and  will  use  Method  II  to  compensate  for  the  dif- 
ference in  production  experience,  as  discussed  in  Chapter  III. 
Because  of  the  inclusion  of  additional  competitive  factors, 
the  Price  Bids  for  each  year,  in  Equations  (4)  and  (5).  are 
replaced  by  the  annual  competitive  indices  for  the  same  years. 

For  testing,  the  most  important  criterion  is  whether  or 
not  the  proposed  technique  reduces  the  overall  procurement 
cost  to  the  Government.  There  is  no  way  to  directly  test  the 
proposed  technique  with  regard  to  this  particular  criterium. 
The  hypothetical  unit  line  price  bids  which  will  be  used  to 
test  the  proposed  technique  cannot  be  used  to  determine  the 
Government  cost  under  the  SPO  MAR  allocation  technique.  This 
is  due  to  the  fact  that  the  proposed  technique  is  intended  to 
reduce  overall  procurement  costs  by  encouraging  the  competi- 
tors to  reduce  their  prices  at  a rate  faster  than  what  would 
be  expected  under  the  SPO  MAR  allocation  technique.  However, 
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the  proposed  technique  can  be  indirectly  tested  by  determin- 
ing how  much  the  competitors'  prices  would  have  to  be 
decreased  under  the  MAR  technique  in  order  to  equal  the  total 
procurement  cost  with  the  proposed  technique. 

Testing  and  evaluation  of  the  proposed  technique,  as 
performed  in  this  chapter,  demonstrates  a)  whether  or  not 
rapid  price  reductions  are  encouraged;  b)  the  degree  to  which 
competitive  performance  is  rewarded,  and;  c)  whether  or  not 
the  technique  can  prevent  gaming  by  the  competitors.  Sepa- 
rate, but  similar,  tests  are  conducted  for  both  the  low  index 
bidder  and  the  high  index  bidder. 

Demonstration  of  the  Proposed  Allocation  Technique 

This  demonstration  is  based  on  a hypothetical  procure- 
ment which  includes  four  additional  competitive  factors,  as 
well  as  the  unit  line  price  bids,  for  the  two- contractor 
competition.  The  data  given  in  Table  XI  is  used  to  demon- 
strate the  computation  of  the  annual  and  overall  competitive 
indices  for  either  competitor.  Following  these  computations, 
a demonstration  is  given  using  the  ratio  of  the  overall 
competitive  indices  to  determine  the  allocations  awarded  to 
the  competitors. 

Computation  of  Competitive  Indices.  The  following  five 
steps  use  the  data  from  Table  XI  to  determine  the  annual  and 
overall  competitive  indices: 

1.  Use  Equation  (1)  to  determine  the  index  value  for 
each  additional  competitive  factor. 
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Table  XI 

Data  for  Indices  Computations 


MAR*  20$  of  annual  procurement  quantity 
Total  Annual  Procurement!  100,000  units 
Additional  Competitive  Factors* 


Factor 

Standard 

Weight 

Reliability 

\o 

00 

• 25 

Velocity 

3,000  ft/min 

.15 

$ on-time 

deliveries 

99$ 

.10 

Degree  of  contractor  ^ 

cost  risk  iUU/o 

.40 

Contractor's  Competitive  Data* 
Factor  Rating 


Reliability 

Velocity 


3,200  ft/min 


$ on-time  l00$ 

deliveries 

Degree  of  cost  risk  100$  (firm  fixed  price  contract) 

Unit  Line  Price  Bids  at  Five  Allocation  Levels* 
Allocation  Price  per 

Level  Unit 

20$  (MAR)  $20.00 

35$  5518.00 

50$  5517.50 

65$  5517.00 

80$  ( 100$- MAR)  $18.00 

Annual  Competitive  Index  for  Year  Prior*  18.75 

Annual  Competitive  Index  for  Second  Year  Prior*  22.30 


2.  Using  quadratic  regression,  fit  a curve  to  the  price 
bids  of  the  competitors. 

3.  Determine  the  average  unit  price  bids  for  both 


competitors. 

4.  Use  Equation  (2) , with  the  results  obtained  in  steps 
1 and  3.  to  determine  the  annual  competitive  indices  for  the 
current  year. 

5.  Use  Equation  (4) , with  annual  competitive  indices 
substituted  for  Price  Bids,  to  determine  the  competitor's 
overall  competitive  index  for  the  current  year. 


Step  1 computes  the  additional  competitive  factor  index 
values  as  follows! 


F 


x 


Therefore 


/"I  + ( wx  ( 1.00 

+ ( .25  ( l.oo 

C l + (.15  ( l.oo 

Z”i  + (.10  ( 1.00 
/"l  + (.40  ( 1.00 


- ~79§)  ) _7  = .9974 

- 3555>  > J = -9900 
. ilOOv  x 7 = .9990 

- Tils'  ' -7  = i-oooo 


Step  2 results  in  a curve  defined  by  the  following! 
y(x)  = 19.0476x2  - 22.3810x  +23.6714 


wher  i x is  the  unit  line  price  bid  as  a function  of  x,  the 
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percent  allocation  awarded  (expressed  as  a decimal).  See 
Figure  4.1. 

Step  3 integrates  the  function  in  step  2 over  the  inter- 
val from  x equals  .20  (20$)  to  x equals  .80  (10095  - MAR). 
Dividing  this  quantity  by  .60,  the  length  of  the  interval, 
gives  an  average  unit  line  price  bid  of  $17.81. 

Step  4 computes  the  annual  competitive  index  as  follows: 

Ic  - (Pc)(Fl)(F2)(F3)(IV  ( 2 ) 

where  Pc  is  the  average  unit  line  price  bid,  and  F^  through 
F^  are  the  values  computed  in  step  1.  Therefore,  the  annual 
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competitive  index  is 


Ic  = (17- 81) ( • 997*0  ( • 9900) ( . 9990) ( 1.0000)  = 17-57 

Step  5 computes  the  overall  competitive  index  for  the 
current  year  as  follows: 

Overall  Competitive  Indexn  = 

Annual  Index  Annual  Index  . 

Annual  Index  X 7 5 — =—3 X 7 3 — =r— 3 — lizi  ( 4 ) 

n Annual  Indexn_1  Annual  Indexn_2  v ' 

where  overall  and  annual  indices  have  been  substituted  for 
the  price  bids  of  the  original  equation  because  of  the 
inclusion  of  additional  competitive  factors,  and  n is  the 
current  year.  Therefore,  the  Overall  Competitive  Index  for 
this  year  is 

17.57  X x §§Ji  = 13.84 

After  completion  of  these  same  five  steps  for  the  other 
competitor,  the  Overall  Competitive  Indices  for  both  competi- 
tors are  used  with  the  proposed  allocation  technique  to 
determine  the  respective  allocations  for  the  current  year 
procurement.  For  demonstration  purposes,  it  will  be  assumed 
that  this  13-84  is  the  Overall  Competitive  Index  for  Company 
A,  and  that  15-50  is  the  index  for  Company  B. 


Figure  4.2.  Graphic  Determination  of  Low  Index  Allocation 


Determination  of  Allocations.  The  allocations  awarded 
to  each  of  the  competitors  are  determined  by  using  the  pro- 
posed allocation  technique  as  illustrated  in  Figures  3-20 
and  3.21  and  described  in  Table  X.  The  underlined  numbers 
in  Figure  4.2  correspond  to  the  following  eight  steps  which 
are  used  to  determine  the  allocations. 

Step  1.  On  an  X-Y  coordinate  system  plot  a line  with 
a slope  of  one  extending  from  the  origin.  This  line  is 
labelled  OS'  in  Figure  4.2. 

Step  2.  If  an  increased  degree  of  elasticity  is  " > t • 

t 
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used,  as  explained  in  Chapter  III,  determine  the  distance  r, 
along  the  line  OS' , which  the  origin  of  the  allocation  arc 
is  to  be  moved.  In  Figure  4.2,  r has  a length  of  .5  units. 

Step  3.  Plot,  down  from  line  OS' , a 45-degree  allo- 
cation arc  (A^Aj)  with  a radius  of  1.0  units. 

Step  4.  Locate  on  the  X axis  the  50#  and  100#  alloca- 
tion levels.  As  explained  in  Chapter  III,  allocations 
between  these  levels  are  uniformly  distributed.  If  the 
procurement  has  an  MAR  restriction,  as  is  the  case  here, 
plot  a vertical  line  (AgAp  from  the  X axis  to  the  allocation 
arc  (A1Ap  at  the  (100#  - MAR)  allocation  level.  In  Figure 
4.2  the  (100#  - MAR)  level  is  at  80#.  The  new  allocation 
line  (A^AgAg)  replaces  the  allocation  arc  for  determining  the 
final  allocations  to  be  awarded. 

Step  5*  Determine  the  ratio  of  the  lower  Overall  Com- 
petitive Index  to  the  higher  one.  From  the  previous  section 
of  this  chapter,  the  ratio  of  Company  A's  index,  13.84,  to 
Company  B's,  15*50,  is  .89. 

Step  6.  Plot  a line,  with  a slope  equal  to  the  ratio 
found  in  step  5i  from  the  X-Y  origin  to  the  allocation  line 
(A^AgAg) • The  point  of  intersection  of  these  lines  is 
labelled  Sj. 

Step  7.  Plot  a vertical  line  (S|SX)  from  point  S|  down 
to  the  X axis. 

Step  8.  The  allocation  to  be  awarded  to  the  competitor 
with  the  lower  Overall  Competitive  Index  is  read  at  point  Sx. 


With  the  data  used  for  this  demonstration,  Company  A would 
he  awarded  an  allocation  of  59.79#  of  the  total  annual  pro- 
curement. The  remaining  40.21#  would  be  awarded  to  Company 
B.  The  dollar  amounts  of  the  two  contracts  would  then  be 
determined  by  use  of  the  fitted  curve  derived  in  step  2 of 
the  Computation  of  Competitive  Indices  section.  For  Company 
A the  price  per  unit  would  be 

19.0476(.5979)2  - 22.3810 (. 5979)  + 23.6714  = $17.0990 
The  total  price  of  the  contract  with  Company  A would  then  be 

100,000  units  X. 5979  X ^^it?°  = $1,022,349.21 

This  same  procedure  would  be  followed,  using  a fitted  curve 
for  Company  B's  unit  line  price  bids,  to  determine  the  total 
price  of  the  contract  with  Company  B for  the  remaining  40.21# 
of  the  annual  procurement. 

Testing  of  the  Proposed  Allocation  Technique 

The  testing  of  the  proposed  allocation  technique  is 
accomplished  with  the  use  of  hypothetical  data  for  both 
competitors.  The  testing  covers  a four-year  period  during 
which  changes  in  contractor  allocations  are  evaluated  under 
various  combinations  of  unit  line  price  bid  patterns.  The 
first  series  of  tests  evaluate  the  allocations  awarded  to 
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Figure  4.3*  Bid  Patterns  for  Testing  Proposed  Technique 


the  low  index  competitor,  Company  At  under  various  price  bid 
patterns  while  the  price  bids  of  the  high  index  competitor, 
Company  B,  gradually  decrease  over  the  four-year  period. 

The  price  bid  patterns  for  Company  A are  listed  as«  Case  A. 
a continuous  gradual  decrease  in  bid  prices  Case  B,  a large 
initial  decrease  followed  by  a very  slight  decreases  Case  C, 
a constant  bid  prices  and,  Case  D,  a continuous  gradual  in- 
crease. These  price  bid  patterns  are  illustrated  in  Figure 
4.3.  The  second  series  of  tests  evaluate  the  allocations 
awarded  to  Company  B when  the  pricing  patterns  for  the  two 


Case  D 


Case  C 
— Case  A 


Year 


1*32 


Table  XII 

Test  Data  for  Low  Index  Competitor 


MARi  20#  of  annual  procurement 
Total  Annual  Procurement!  1,000,000  units 
Additional  Competitive  Factors!  NONE 
4-Year  Price  Bid  Patterns  (in  dollars  per  unit) i 
Yr  1 Yr  2 Yr  3 Yr  4 
Case  A.  Gradual  decrease 

12.00  11.00  10.00  9.00 


Case  B.  Rapid  initial  decrease 

12.00  10.00  9*50 


Case  C.  Constant  price  bid 

12.00  12.00 

Case  D.  Gradual  increase 

12.00  12.25 


12.00 


9.00 


12.00 


12.50  12.75 


High  Index  Competitor  Price  Bid  Pattern! * 

16.00  15.00  14.00  13.00 


* This  pattern  is  the  same  for  all  four  test  cases. 


competitors  are  reversed. 

The  purpose  of  these  two  series  of  tests  is  to  determine 
whether  or  not  the  proposed  allocation  technique  results  in 
allocations  which  both  reflect  the  relative  competitive  per- 
formance of  the  two  contractors  and  encourage  rapid  price 
reductions. 

Low  Index  Competitor  Tests.  The  data  used  for  testing 
the  proposed  allocation  technique  with  regard  to  the  low 
index  competitor  are  listed  in  Table  XII.  No  additional 
competitive  factors  are  included  in  the  test  scenarios.  The 
unit  line  price  bids  are  therefore  the  sole  basis  for  deciding 
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the  competitive  allocations. 


In  order  to  facilitate  the  computation  of  test  results, 
one  assumption  is  made  concerning  the  annual  unit  line  price 
bids.  This  assumption  is  that  the  annual  unit  line  price 
bids  are  constant  over  the  entire  range  of  allocations  which 
could  be  awarded  to  either  contractor  in  any  given  year. 
Because  of  this  assumption  and  the  absence  of  additional 
competitive  factors,  the  annual  unit  line  price  bids  become 
the  annual  competitive  indices. 

Testing  the  proposed  allocation  technique  for  Cases  A, 

B,  C,  and  D of  Table  XII  gives  the  results  which  are  sum- 
marized in  Table  XIII.  Examination  of  these  results  reveals 
that  those  cases  in  which  the  unit  line  price  bids  decreased, 
Cases  A and  B,  resulted  in  greater  contractor  total  revenue 

for  Company  A than  did  the  cases  in  which  the  bids  either 

* 

remained  constant  or  increased,  Cases  C and  D.  For  Cases  A 
and  B,  the  greater  contractor  total  revenue  resulted  when  the 
major  portion  of  the  unit  price  bid  reduction  occurred  in 
the  earlier  years,  Case  B.  The  use  of  present  value  analysis 
shows  the  results  of  Case  B to  be  even  more  favorable.  For 
Cases  C and  D,  the  lesser  contractor  total  revenue  resulted 
when  the  unit  price  bids  increased  as  opposed  to  remaining 
constant. 

In  terms  of  the  purpose  of  these  tests,  the  proposed 
allocation  technique  does  encourage  rapid  price  reductions. 
Cases  A and  B both  reduced  prices  the  same  amount  over  the 
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Table  XIII 

Low  Index  Test  Results 


Case  A 

Yr  1* 

Company  A 

Overall  Index  12.000 
Allocation  % 65.86 

Revenue  in  $ 7,902,944 

Present  Value** 

Total  Revenue  Yrs  2-4 
Present  Value** 


Yr  2 

9.243 

69.07 

7,597,721 

6,907,019 


Company  B 
Overall  Index 
Allocation  % 
Revenue 
Present  Value 


16.000 

34.14 


13.184 

30.93 


7,462,742  4,639,471 

4,217,700 


Total  Revenue  Yrs  2-4 
Present  Value 

Government 

Total  Cost  of  Procurement  Yrs  2-4 
Present  Value 


Case  B 

Company  A 
Overall  Index 
Allocation  % 
Revenue 
Present  Value 


12.000  6.944 

65.86  80.00 

7,902,944  8,000,000 

7,272,727 


Total  Revenue  Yrs  2-4 
Present  Value 


Company  B 
Overall  Index 
Allocation  % 
Revenue 
Present  Value 


16.000 

34.14 

5,462,742 


13.184 

20.00 

3,000,000 

2,727,272 


Total  Revenue  Yrs  2-4 
Present  Value 


lovernment 

Total  Cost  of  Procurement  Yrs  2-4 
Present  Value 


Yr  3 


Yr  4 


8.333 

70.44 


7.364 

72.19 


7,044,000  6,497,100 

5,821,488  4,881,367 

$21,138,821 

$17,609,874 


12.250  11.267 

29.56  27.81 

4,138,400  3,615,300 

3,420,165  2,716,228 


$12,393,171 

$10,354,095 


$33,351,992 

$27,963,969 


7.521  8.100 

74.77  67.90 

7,103,150  6,111,000 

5,870,372  4,591,294 


$21,214,150 

$17,734,383 


12.250  11.267 

25.23  32.10 

3,532,200  4,173,000 

2,919,173  3,135,237 

$10,705,200 

$8,781,682 

$31,919,350 

$26,516,065 
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Table  XIII  continued 


•Results  for  Yr  1 are  not  used  for  evaluation.  Data  calculated 
ising  annual  index  as  overall  index.  As  stated  in  this  report, 
first  year  allocations  should  be  made  using  any  method  procuring 
gency  deems  appropriate. 

•Present  Value  at  start  of  Yr  2.  Discount  factor  is  101. 


>*  S-.+*'-**,*'* 


four-year  period.  But  the  more  rapid  reduction  in  the 
initial  years  of  Case  B resulted  in  the  greater  total  revenue 
being  received  by  Company  A.  Using  both  the  amount  of 
reduction  and  the  rate  at  which  the  reduction  occurs  as 
measures  of  competitive  performance,  the  bid  price  pattern 
of  Case  B would  have  to  be  considered  the  most  competitive. 
Cases  A,  C,  and  D,  in  that  order,  would  then  show  decreas- 
ing degrees  of  competitive  performance.  The  allocations 
awarded,  the  contractor  total  revenue  received,  and  the  total 
costs  to  the  Government  all  reflect  this  decreasing  order  of 
competitive  performance. 

The  following  observations  can  be  made  regarding  the 
ability  of  the  proposed  allocation  technique  to  reduce  the 
overall  procurement  costs  to  the  Government  as  compared  to 
the  SPO  MAR  allocation  technique.  First  of  all,  the  results 
shown  for  Year  1 in  Table  XIII  should  be  disregarded.  This 
is  due  to  the  fact  that  the  procuring  agency  may  use  any 
allocation  technique  which  is  considered  appropriate  - 
including  the  SPO  technique  - for  the  first  year  allocations. 
Therefore,  the  cost  reductions  must  be  measured  during  the 
period  of  Years  2 through  4.  Using  the  SPO  technique,  and 
the  starting  prices  of  $12.00  and  $16.00  per  unit,  each 
annual  procurement  would  cost  $12,800,000.  This  is  based  on 
buying  80#  (100#  - MAR)  from  the  low  bidder  and  20#  (MAR) 
from  the  high  bidder.  This  is  an  average  of  $12.80  per  unit. 
In  order  to  purchase  the  3 million  units  for  Years  2 through 


Table  XIV 

Test  Data  for  High  Index  Competitor 


MARi  20%  of  annual  procurement 

Total  Annual  Procurement!  1,000,000  units 

Additional  Competitive  Factors!  NONE 

4-Year  Price  Bid  Patterns  (in  dollars  per  unit) i 


Yr  1 

Yr  2 

Yr  3 

Yr  4 

Case 

E. 

Gradual 

16.00 

decrease 

15.00 

14.00 

13.00 

Case 

F. 

Rapid  initial  decrease 
16.00  14.00  13.50 

13.00 

Case 

G. 

Constant 

16.00 

price  bid 

16.00  16.00 

16.00 

Case 

H. 

Gradual 

16.00 

increase 

16.25 

16.50 

16.75 

Low  Index  Competitor  Price  Bid  Pattern!* 

12.00  11.00  10.00  9.00 


* This  pattern  is  the  same  for  all  four  test  cases. 

4 at  the  Case  B total  cost  of  $31 » 919. 350,  the  average  price 
would  have  to  decrease  to  $10.64  per  unit. 

A similar  series  of  tests  for  the  high  index  competitor 
will  be  used  to  verify  these  results. 

High  Index  Competitor  Tests.  Testing  of  the  proposed 
allocation  technique  with  regard  to  the  performance  of  the 
high  index  competitor,  Company  B,  is  conducted  in  the  same 
manner  as  for  the  low  index  competitor.  And,  as  in  the  low 
index  competitor  tests,  there  are  no  additional  competitive 
factors  and  the  annual  unit  line  price  bids  are  assumed  to 


be  constant  over  the  entire  range  of  allocation  levels.  The 
same  basic  price  bid  patterns  are  repeated  for  Company  B, 
but  at  higher  price  bid  levels  than  for  Company  A.  The  data 
used  for  testing  the  proposed  allocation  technique  with 
regard  to  the  high  index  competitor  are  listed  in  Table  XIV. 
The  price  bid  patterns  for  Cases  E,  F,  G,  and  H are  in  the 
same  order  as  for  Cases  A,  B,  C,  and  D of  the  low  index 
competitor  tests. 

The  results  of  testing  Cases  E through  H for  the  high 
index  competitor  are  summarized  in  Table  XV.  These  results 
are  very  similar  to  those  obtained  in  the  low  index  competi- 
tor tests.  As  in  the  previous  tests,  those  cases  in  which 
the  unit  line  price  bids  decreased,  Cases  E and  F,  resulted 
in  greater  total  contract  revenue  for  the  competitor  being 
tested.  And  the  greatest  contractor  total  revenue  resulted 
when  the  major  portion  of  the  unit  price  bid  reduction  was 
in  the  initial  years  of  the  competition.  However,  for  the 
high  index  competitor  there  is  one  difference  in  the  test 
results. 

Company  B receives  a slightly  greater  contractor  total 
revenue  in  Case  H (gradually  rising  price  bids)  than  in  Case  G 
(constant  price  bids).  The  hypothetical  data  used  for  these 
cases  resulted  in  a total  contractor  revenue  which  was  0.33?6 
greater  for  Case  H than  for  Case  G.  Comparison  of  the 
present  value  totals,  however,  shows  the  total  contractor 
revenue  was  almost  identical.  The  explanation  for  this 
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Table  XV 


High  Index  Test  Results 


Case  E 

Yr  1* 

Yr  2 

Yr  3 Yr  4 

Company  B 

Overall  Index 

16.000 

13.184 

12.250  11.267 

Allocation  % 

34 « 14 

30.93 

29.56  27.81 

Revenue  in  $ 

5,462,74 2 

4 

,639,471 

4,138,400  3,615,300 

Present  Value** 

4 

,217,700 

3,420,165  2,716,228 

Total  Revenue  Yrs  2-4 

$12,393,171 

Present  Value** 

$10,354,095 

Company  A 

Overall  Index 

12.000 

9.243 

8.333  7.364 

Allocation  % 

65.86 

69.07 

70.44  72.19 

Revenue  in  $ 

7,902,944 

7 

,597,721 

7,044,000  6,497,100 

Present  Value 

6 

,907,019 

5,821,488  4,881,367 

Total  Revenue  Yrs  2-4 

$21,138,821 

Present  Value 

$17,609,874 

Government 

Total  Cost  of 

Procurement 

Yrs  2-4 

$33,351  ,992 

Present  Value 

$27,963,969 

Case  F 

Company  B 
Overall  Index 

16.000 

10.719 

11.391  12.071 

Allocation  % 

34.14 

41.43 

32.93  24.98 

Revenue 

5,462,742 

5 

,800,200 

4,445,500  3,247,400 

Present  Value 

5 

,272,909 

3,674,008  2,439,820 

Total  Revenue  Yrs  2-4 

$13,493,100 

Present  Value 

$11,386,737 

Company  A 
Overall  Index 

12.000 

9.243 

8.333  7.364 

Allocation  % 

65.86 

58.57 

67.07  75.02 

Revenue 

7,902,944 

6 

,442,700 

6,707,000  6,751,800 

Present  Value 

5 

,857,000 

5,542,975  5,072,727 

Total  Revenue  Yrs  2-4 

$19,901,500 

Present  Value 

$16,472,702 

Government 

Total  Cost  of 

Procurement 

Yrs  2-4 

$33,394,600 

Present  Value 

$27,859,439 

Table  XV  continued 


Case  G 

Yr  1 

Yr  2 

Yr  3 Yr  4 

Company  B 

Overall  Index 

16.000 

16.000 

16.000  16.000 

Allocation  % 

34.14 

22.89 

20.00  20.00 

Revenue 

5,462,742 

3,662,400 

3,200,000  3,200,000 

Present  Value 

3,329,455 

2,644,628  2,404,207 

Total  Revenue 

Yrs  2-4 

$10,062,400 

Present  Value 

$8,378,290 

Company  A 

Overall  Index 

12.000 

9.243 

8.333  7.364 

Allocation  % 

65.86 

77.11 

80.00  80.00 

Revenue 

7,902,944 

8,482,100 

8,000,000  7,200,000 

Present  Value 

7,711,000 

6,611,570  5,409,467 

Total  Revenue 

Yrs  2-4 

$23,682,100 

Present  Value 

$19,732,037 

Government 

I Total  Cost  of  Procurement 

Yrs  2-4 

$33,744,500 

Present  Value 

$28,110,327 

Case  H 

Company  B 

Overall  Index 

16.000 

16.763 

17.016  17.265 

Allocation  % 

34.14 

21.22 

20.00  20.00 

Revenue 

5,462,742 

3,448,250 

3,300,000  3,350,000 

Present  Value 

3,134,773 

2,727,273  2,516,905 

Total  Revenue 

Yrs  2-4 

$10,098,250 

Present  Value 

$8,378,951 

Company  A 

Overall  Index 

12.000 

9.243 

8.333  7.364 

Allocation  % 

65.86 

78.78 

80.00  80.00 

Revenue 

7,902,944 

8,665,800 

8,000,000  7,200,000 

Present  Value 

7,878,000 

6,611,570  5,409,467 

Total  Revenue 

Yrs  2-4 

$23,865,800 

Present  Value 

$19,899,037 

Government 

Total  Cost  of  Procurement 

Yrs  2-4 

$33,964,050 

Present  Value 

$28,277,988 

*Results  for  Yr  1 are  not  used  for  evaluation.  See  footnotes 
at  end  of  Table  XIII. 

**Present  Value  at  start  of  Yr  2.  Discount  factor  is  10%. 
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reversal  from  the  low  index  competitor  case  follow;:. 

In  both  cases,  G and  H,  Company  B was  protected  by  the 
MAR  restriction  of  a 20$  minimum  allocation.  This  restric- 
tion is  imposed  by  either  the  SPO  or  the  procuring  agency 
and  is  not  an  inherent  part  of  the  proposed  allocation 
technique.  Had  the  MAR  restriction  not  been  included,  the 
Company  B allocations  for  Case  G would  have  been  19*30$  in 
Year  3 and  15.64$  in  Year  4.  For  Case  H the  allocations 
would  have  been  only  17.40$  and  13*69$  respectively.  Using 
these  allocations,  Case  G would  have  given  Company  B a to- 
tal contractor  revenue  of  $9,252,800,  present  value 
$7,761,611,  whereas  Case  H would  have  given  only  $8,612,325, 
present  value  $7,230,321. 

The  proposed  allocation  technique,  without  the  MAR 
restriction,  again  is  shown  to  provide  allocations  which 
encourage  rapid  price  reductions  and  which  reflect  the 
competitive  performance  of  the  competitors.  The  competitive 
performance  is  also  reflected  in  the  contractor  total  revenue 
and  the  overall  procurement  costs  to  the  Government. 

Another  example  of  how  the  proposed  allocation  tech- 
nique reflects  the  competitive  performance  of  the  two  con- 
tractors is  demonstrated  by  the  changes  in  allocations  in 
Cases  A and  E.  Both  of  these  cases,  incidentally,  use  the 
same  data.  In  these  cases  both  competitors  reduce  their  unit 
price  bids  by  one  dollar  per  year.  However,  in  each  succes- 
sive year  Company  A is  awarded  an  increased  allocation.  This 
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reflects  the  more  competitive  performance  of  Company  A in 
that  the  annual  one  dollar  reduction  is  a larger  percentage 
of  the  Company  A price  than  it  is  of  the  Company  B price. 

Gaming  and  the  Proposed  Allocation  Technique.  This 
final  section  on  testing  of  the  proposed  allocation  tech- 
nique examines  three  different  methods  which  may  be  used  by 
the  competitors  in  attempting  to  "game"  the  technique  as 
presented.  The  means  to  deter  these  attempts  are  also 
examined.  For  the  purposes  of  this  section,  gaming  refers 
to  a competitor  playing  some  strategy  which  will  gain  for 
him  the  advantages  of  a level  of  competitive  performance 
which  exceeds  the  level  at  which  he  actually  performs.  The 
level  of  competitive  performance,  for  the  most  part,  is 
measured  in  terms  of  unit  line  price  bids.  The  more  a 
competitor's  price  bids  decrease,  measured  in  both  magni- 
tude and  percentage,  and  the  more  rapid  the  decrease,  the 
higher  the  level  of  competitive  performance  is  assumed  to 
be.  However,  a strategy  may  be  used  in  which  the  price  bids 
seem  to  decrease  while  the  purchase  price  actually  increases 
due  to  the  allocation  level  awarded.  This  strategy  will 
be  the  first  gaming  method  examined  in  this  section.  The 
second  way  a competitor  may  attempt  to  game  the  technique 
is  by  increasing  the  profit  margin  at  a rate  which  exceeds 
that  of  any  cost  decrease.  Though  the  net  effect  of  such  a 
strategy  might  be  a reduction  in  the  overall  procurement 
cost  to  the  Government,  excessive  profit  rates  would  indi- 
cate that  further  reductions  are  possible.  The  final  means 


Unit 
Line 
Price 
Bid 
in  $ 


20  3 
Allocatio 

Unit  Bids  by 


17.00 

13-00 

12.00 

12.00 

14.00 

12.98 

12.00 

10.00 

10.00 

12.00 

16.00 

11.33 

* depicted  as  line  AA' 

**  depicted  as  line  GG' 

Figure  4.4.  Price  Bid  Gaming 


of  gaming  the  proposed  allocation  technique  involves  the 
high  index  competitor  using  MAR  restrictions  to  protect 
high  prices  rather  than  to  support  his  competitive  posi- 
tion. 

Price  Bid  Gaming.  Either  competitor  could  submit 
unit  line  price  bids  which  improve  his  competitive  posi- 
tion even  though  those  bids  actually  increase  his  selling 
price.  This  gaming  strategy  is  demonstrated  using  the 
data  depicted  in  Figure  4.4.  Whether  or  not  a competitor 
would  choose  to  employ  this  strategy  is  highly  dependent 


upon  the  degree  of  certainty  with  which  he  can  predict  the 
competitive  performance  of  the  other  contractor. 

In  Figure  4.4  the  line  AA'  represents  the  fitted  curve 
for  the  unit  line  price  bids  which  Company  A would  have 
submitted  if  no  gaming  were  involved.  The  chart  at  the 
bottom  of  Figure  4.4  shows  that  the  average  unit  price  bid 
with  line  AA'  is  $12.98.  However,  after  studying  the 
operation  of  Company  B,  Company  A determines  that  there  is 
better  than  an  80#  probability  that  Company  A will  be 
allocated  at  least  75%>  of  the  annual  procurement  if  it 
submits  an  average  bid  of  $11.33  per  unit.  Because  Company 
A caui  do  nothing  to  reduce  the  costs  associated  with  the 
actual  bids  shown  by  line  AA' , the  average  unit  price  bid 
can  be  reduced  only  by  gaming.  Company  A therefore  submits 
the  gamed  bids  which  Eire  shown  by  line  GG’.  The  average 
price  with  these  bids  is  the  required  $11.33.  Looking  only 
at  the  gamed  bids  (which  is  all  the  procuring  agency  would 
see) , Company  A appears  to  have  performed  much  more 
competitively  than  the  actual  (AA' ) bids  would  have  indi- 
cated. 

Assume  the  determination  by  Company  A was  correct  and 
an  allocation  of  75%  is  awarded.  The  units  purchased  from 
Compauiy  A will  now  cost  more  - even  though  the  average 
price  bid  decreased!  Using  the  ungamed  price  bids,  an 
allocation  of  7 % would  have  cost  $13.15  per  unit.  The 
cost  of  these  same  units,  when  the  bids  are  gamed,  is  $14.44 
per  unit.  Compauiy  A gains  two  ways  from  the  gamed  bidsi  a 
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larger  allocation  is  awarded  and  a higher  price  per  unit  is 
received. 


| 
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The  proposed  allocation  technique  provides  only  am 
indirect  means  of  detering  this  type  of  gaming  in  that  in- 
creasing the  degree  of  elasticity  used  to  determine  the  al- 
locations may  provide  some  degree  of  deference.  For  example, 
in  the  situation  just  described,  if  Company  B had  submitted 
a bid  which  averaged  $1.00  per  unit  less  than  whatever  bid 
it  submitted,  Company  A might  have  received  an  allocation  of 
only  65$.  This  one-dollar  error  would  have  cost  Company  A 
nothing  because  the  price  using  either  of  the  depicted 
curves  is  $12.00  per  unit  at  the  65#  level.  But,  if  the 
degree  of  elasticity  used  for  the  allocations  had  been 
greater,  the  $1.00  per  unit  decrease  by  Company  B might  have 
reduced  the  allocation  for  Company  A to  55#*  In  this  case, 
the  gamed  bids  would  have  reduced  the  unit  purchase  price 
from  the  AA'  price  of  $11.61  per  unit  to  the  GG'  price  of 
$10.44.  Company  A would  have  lost  $1.17  per  unit  as 
compared  to  what  the  price  would  have  been  without  gaming. 
Using  an  increased  degree  of  elasticity,  to  increase  the 
risk  of  this  loss  situation  occurring  , is  the  only  deferent 
provided  by  the  proposed  allocation  technique.  The  method 
used  to  increase  the  degree  of  elasticity  is  discussed  in 
Chapter  III. 

This  first  gaming  strategy  gives  the  impression  of 
greater  than  actual  contractor  cost  reductions.  The  second 
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strategy  gives  the  opposite  impression  by  converting  a 
portion  of  the  contractor  cost  reductions  to  increased 
profits. 


I 


f 
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Conversion  of  Cost  Reductions  to  Profit.  The  testing 
section  of  this  chapter  demonstrated  how  the  proposed 
allocation  technique  reflects  the  competitive  performance 
of  the  two  contractors  through  allocation  levels,  total 
contractor  prices,  and  overall  procurement  costs  to  the 
Government.  The  last  item,  overall  procurement  costs, 
covered  the  primary  concern  of  the  Government.  But,  even 
though  it  may  well  be  the  primary  concern  of  the  competi- 
tors, profit  was  not  specifically  addressed.  It  was  only 
addressed  indirectly  to  the  extent  that,  as  a constant 
percentage  of  either  cost  or  contract  price,  profit  would 
reflect  competitive  performance  in  the  same  manner.  By 
changing  profit  rates,  either  competitor  may  receive 
profits  which  do  not  reflect  the  actual  competitive  per- 
formance. The  gaming  strategy  discussed  in  this  section 
is  concerned  with  a competitor  being  able  to  split  a 
reduction  in  production  costs  between  price  decreases  arid 
profit  increases.  In  order  to  demonstrate  this  strategy, 
the  results  of  test  Case  A are  used.  Table  XVI  gives  a 
comparison  of  profit  levels  when  Company  A converts  cost 
reductions  to  increased  profits. 

For  the  purpose  of  demonstrating  this  gaming  strategy, 

Case  A reflects  the  actual  competitive  price  bidding  of 
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Table  XVI 


Profit  Comparisons  When  Gaming  the  Rate  of  Profit 


(Case  A) 

Yr  2 

Yr  1 

Yr  4 

Total 

(I)  Unit  Line 
Price  Bid 

$11.00 

$10.00 

$9.00 

! 

Rate  of  Profit 
Cost  Per  Unit 
Profit  Per  Unit 
Annual  Profit* 

20.00# 

$9.17 

$1.83 

$1,267 

20.00# 

$8.33 

$1.67 

$1,174 

20.00# 

$7.50 

$1.50 

$1,083 

$3,524 

(Il)Unit  Line 
Price  Bid 

$11.17 

$10.33 

$9.50 

Rate  of  Profit 
Cost  Per  Unit 
Profit  Per  Unit 
Annual  Profit* 

21.81# 

$9.17 

$2.00 

$1,338 

24.01# 

$8.33 

$2.00 

$1,349 

26.67# 

$7.50 

$2.00 

$1,360 

$4,047 

* Annual  Profit  is  given  in  $1,000' s. 


Company  A.  It  is  assumed  that  the  $12.00  unit  line  price 
bid,  used  for  Year  1 of  Case  A,  includes  $10.00  of  pro- 
duction costs  and  $2.00  of  profit.  Therefore,  the  profit 
rate  at  the  start  of  the  competition  period  is  equal  to 
20.00#  of  the  cost  per  unit.  In  Table  XVI,  Case  A (I) 
shows  the  costs  and  profits  per  unit,  as  well  as  the  annual 
and  total  profits,  when  the  unit  line  prices  include  a 
constant  20.00#  profit  rate.  Because  the  rate  of  profit  is 


held  constant,  the  annual  unit  price  decreases  include 


reductions  in  both  unit  costs  and  unit  profit.  For  Case 
A (I)  the  total  profit  for  Years  2 through  4 is  $3,523,842. 

Case  A (II)  illustrates  the  increased  profits  which 
would  result  if  the  annual  unit  line  price  bids  were  to  be 
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gained  using  a strategy  which  converts  a portion  of  the 
decreased  costs  to  increased  profits.  Comparison  of  the 
annual  unit  costs  for  Cases  A (I)  and  A (II),  in  Table  XI, 
shows  that  they  are  the  same.  However,  in  Case  A (II) 

Company  A maintains  a constant  $2.00  per  unit  profit  by 
converting  20.00#  of  the  cummulative  annual  unit  cost 
decreases  to  profit  increases.  This  strategy  raises  the 
rate  of  profit  from  20.00#  of  cost  in  Year  1 to  26.67#  of 
cost  in  Year  4.  And,  even  though  the  higher  unit  prices 
for  Case  A (II)  resulted  in  slightly  lower  allocations  each 
year,  the  increased  rates  of  profit  raise  the  total  profit 
to  $4,047,200.  If  the  procuring  agency  were  to  assume 
that  the  competitors  charge  a constant  rate  of  profit  from 
one  year  to  the  next,  then  the  unit  line  price  bids  for 
Case  A (II)  would  give  the  impression  that  the  cost  reduc- 
tions for  Company  A were  less  in  the  gamed  case,  Case  A (II), 
than  in  the  actual  case,  Case  A (I). 

The  proposed  allocation  technique  provides  a very 
definite  means  of  detering  this  type  of  gaming.  This  means 
is  to  include  the  rate  of  profit  as  an  additional  competitive 
factor,  as  explained  in  Chapter  II,  in  determining  the  annual 
competitive  indices  for  the  two  contractors.  Because  a rate 
of  profit  which  exceeds  the  established  standards  has  a 
negative  value  when  compared  to  a decrease  in  the  unit  line 
price,  the  weight  assigned  to  this  additional  competitive 
factor,  wx  in  Equation  (1),  would  be  a negative  number. 

Table  XVII  shows  the  impact  on  Company  A's  annual  and  total 
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Table  XVII 

omparisons  Using  Rate  of  Profit  as  a Competitive  Factor 


Case  A 

Yr  2 

Yr  3 

Yr  4 

Total 

(I)  Rate  of  Profit 

20.0096 

20.00* 

20.00* 

Allocation  (Units) 

690 , 700 

704,400 

721,900 

Annual  Profit* 

$1,267 

$1,174 

$1,083 

$3,524 

(II)  Rate  of  Profit 

21.81* 

24.01* 

26.67* 

a)  Rate  of  Profit 
Allocation  (Units) 

-Not  Weighted 

669,000  674,400 

680 , 200 

Annual  Profit* 

$1,338 

$1,349 

$1,360 

$4,047 

b)  Rate  of  Profit 
Allocation  (Units) 

weighted  at 
605,200 

(-0.65) 

581,400 

553.000 

Annual  Profit* 

$1,210 

$1,163 

$1,106 

$3,479 

c)  Rate  of  Profit  weighted  at 
Allocation  (Units)  591.000 

(-0.75) 

561 , 800 

526 , 800 

## 

Annual  Profit* 

$1,182 

$1,124 

$1,054 

$3,359 

* Annual  Profit  is  given  in  $l,000's. 

**  Difference  is  due  to  rounding  of  figures  to  nearest  $1,000, 


profits  for  test  Case  A when  the  rate  of  profit  is  included 
as  an  additional  competitive  factor  with  weights  of  (-0.65) 
and  (-0.75)*  It  is  assumed  that  for  Years  2 through  4 the 
rate  of  profit  for  Company  B equals  sx,  the  established 
standard  rate  of  profit  for  the  competition,  at  20.00*  of 
cost. 

Comparison  of  the  results  listed  in  Table  XVII  reveals 
the  following.  For  Case  A (I),  with  a constant  20.00*  rate 
of  profit  and  no  gaming,  Company  A earns  a total  profit  of 
$3,523,842,  But  when  Company  A converts  cost  decreases  to 
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profit  increases,  the  total  profits  range  from  $4,047,200, 
when  not  included  as  an  additional  competitive  factor,  down 
to  $3,359,200,  when  rate  of  profit  is  weighted  at  (-0.75). 

The  weight  of  (-0,75)  decreases  the  gamed  profits  by  more 
than  $160,000  from  what  the  profits  are  without  gaming, 
whereas  the  weight  of  (-0.65)  decreases  them  less  than 
$45,000.  Therefore,  the  greater  the  negative  weight  assigned 
to  the  rate  of  profit,  the  greater  the  degree  of  deterence 
provided  by  the  proposed  allocation  technique.  And,  along 
with  the  direct  deterence  resulting  from  decreased  profits, 
the  competitive  position  of  Company  A could  be  weakened  due 
to  the  larger  allocations  which  would  be  awarded  to  the 
competing  contractor,  Company  B. 

There  is  a limit  on  the  deterence  provided  by  includ- 
ing the  rate  of  profit  as  an  additional  competitive  factor. 
When  the  competitor  having  the  higher  overall  competitive 
index  would  be  awarded  only  the  MAR  allocation,  even  with- 
out gaming,  the  possible  increase  of  that  index  would  pro- 
vide no  deterence.  The  MAR  allocation  would  be  received  in 
either  case.  This  use  of  the  MAR  restriction  to  protect 
high  profits  is  the  last  gaming  strategy  to  be  discussed 
in  this  section. 

Use  of  the  MAR  to  Protect  High  Prices.  The  MAR  allo- 
cation is  intended  to  prevent  the  high  index  competitor 
from  being  forced  out  of  the  competition  during  the  follow- 
ing years.  Included  in  the  awarding  of  an  MAR  allocation 


is  the  implicit  assumption  that  the  high  index  competitor 
will  attempt  to  improve  his  posotion  through  superior 
competitive  performance  in  the  following  years.  However, 
because  the  MAR  guarantees  a predetermined  minimum  alloca- 
tion, the  high  index  competitor  may  elect  a strategy  which 
substitutes  use  of  the  MAR  for  competitive  performance  as 
the  means  to  acquire  greater  profits. 

Simply  stated,  in  this  last  gaming  strategy  the  high 
index  competitor  resigns  himself  to  accepting  the  MAR  allo- 
cation and  then  submits  unit  line  price  bids  based  on  what- 
ever rate  of  profit  he  selects.  Regardless  of  the  ratio  of 
the  overall  competitive  indices,  the  high  index  competitor 
knows  that  he  will  be  awarded  at  least  the  MAR  allocation. 
This  makes  it  possible  for  the  high  index  competitor  to 
convert  any,  or  all,  cost  reductions  to  profit  increases 
without  fear  of  receiving  reduced  allocations.  As  a matter 
of  fact,  he  could  even  increase  unit  profit  by  an  amount 
greater  than  any  unit  cost  reduction  and  still  not  have  a 
reduction  in  the  allocation  received. 

The  most  significant  difference  between  this  strategy 
and  the  previous  one  is  that,  in  the  previous  strategy,  the 
allocations  awarded  to  the  gaming  competitor  declined  each 
year,  whereas  in  this  strategy,  the  allocations  remain 
constant  at  the  MAR  allocation  level.  Inclusion  of  the 
rate  of  profit  as  an  additional  competitive  factor  would 
have  no  effect  on  a competitor  who  already  is  at  the  MAR 
level. 


The  proposed  allocation  technique  has  no  means  with 
which  to  deter  this  type  of  gaming.  However,  it  is  not  this 
lack  of  a deterent  which  should  concern  the  procuring  agency. 
Rather,  the  procuring  agency  should  be  concerned  about  the 
fact  that  it  is  using  a procurement  method  (the  proposed 
allocation  technique)  which  is  intended  to  give  a contractor, 
who  would  otherwise  be  unable  to  compete,  an  opportunity  to 
compete,  regardless  of  any  initial  advantage  his  competitor 
might  have,  and  that  contractor  refuses  to  make  a legitimate 
attempt  to  compete.  Under  these  conditions,  the  procuring 
agency  would  have  no  alternative  but  to  change  to  another 
method  of  determining  the  allocations. 


V.  CONCLUSIONS  AND 
RECOMMENDATIONS 


r r 


j 
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Introduction 

The  allocation  technique  presented  in  this  thesis  is 
intended  for  use  in  a very  uncommon  procurement  scenario. 
However,  individual  parts,  or  features,  of  the  proposed  al- 
location technique  may  prove  to  be  beneficial  if  applied  to 
other  types  of  competitive  procurements.  The  three  main 
features  which  will  be  discussed  in  this  chapter  arei  the 
use  of  competitive  indices,  rather  than  unit  line  price 
bids,  as  a measure  of  competitive  performance;  the  use  of 
ratios  to  compare  the  performance  of  the  competitors;  and, 
the  procedure  used  to  determine  the  allocations  to  be 
awarded  each  competitor  based  on  the  ratio  of  the  competi- 
tive indices. 

Competitive  Indices 

The  use  of  indices  to  measure  the  competitive  perform- 
ance of  contractors  is  discussed  in  Chapter  II  of  this 
thesis.  The  calculation  of  these  indices  is  demonstrated 
in  Chapter  IV. 

Conclusions.  The  use  of  a competitive  index  allows  for 
the  inclusion  of  any  additional  factors  which  the  procuring 
agency  deems  appropriate  to  the  competition.  It  is  through 
the  inclusion  of  additional  factors  that  the  particular 
product  being  offered  for  procurement  becomes  as  significant 
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as  the  price  of  the  product  in  selecting  a source  of  supply. 
In  a typical  procurement,  the  selection  of  a vendor  is 
determined  solely  of  the  basis  of  the  lowest  price  bid  for 
an  item  which  either  meets  or  exceeds  certain  minimum  cri- 
teria or  specifications.  But,  no  allowance  is  made  for  the 
different  degrees  to  which  various  items  either  meet  or 
exceed  these  minimum  requirements.  For  example,  assume  the 
procurement  item  is  some  type  of  vehicle.  The  specifica- 
tions for  this  vehicle  are  that  it  be  able  to  transport  a 
load  of  at  least  2,000  pounds  and  that  it  must  travel  more 
than  15  miles  on  a gallon  of  fuel.  Now,  if  two  vendors 
were  to  bid  on  this  procurement,  one  offering  a vehicle 
which  is  rated  at  2,000  pounds  and  20  miles  per  gallon,  and 
the  other  offering  a vehicle  which  is  rated  at  4,000  pounds 
and  30  miles  per  gallon,  the  selection  of  a contractor  be- 
comes indifferent  as  to  product  performance  and  is  made 
solely  on  the  basis  of  the  unit  line  price  bids. 

Awarding  of  a contract  solely  on  the  basis  of  lowest 
bid  price  may,  in  some  cases  be  appropriate.  However,  such 
cases  would  require  that  there  be  little  or  no  difference 
in  the  benefits  derived  from  the  products  of  the  competing 
contractors.  To  award  contracts  on  a price-only  basis  is 
to  ignore  the  fact  that  there  are  different  kinds  of  cost- 
benefit  comparisons  - any  one  of  which  may  apply  to  the 
alternatives  of  any  given  procurement.  "Basically,  there 
are  three  relationships  that  the  cost  and  benefits  of  vari- 


ous  alternatives  may  have.  These  relationships  are: 

(a)  Equal  benefits  - unequal  cost. 

(b)  Equal  cost  - unequal  benefits. 

(c)  Unequal  cost  - unequal  benefits" (Ref  1<»3“5)* 

The  price-only  awarding  of  contracts  artificially  forces  all 
comparisons  to  be  made  on  the  basis  of  equal  benefits  and 
unequal  cost.  This  is  due  to  the  fact  that  all  products  are 
judged  only  as  to  whether  or  not  they  either  meet  or  exceed 
certain  minimum  requirements/specifications.  Those  which  do 
not  are  eliminated  from  the  procurement  competition.  But, 
for  those  products  which  satisfy  all  the  requirements,  no 
additional  benefits  are  assigned  to  reflect  the  degree  to 
which  the  minimum  requirements  may  have  been  exceeded.  All 
are  considered  as  if  they  were  of  equal  benefit. 

Using  the  vehicle  procurement  example  from  the  earlier 
part  of  this  section,  assume  the  first  vehicle  (2,000  pound 
load  and  20  miles  per  gallon)  has  a bid  price  of  $10,000, 
and  the  second  vehicle  (4,000  pound  load  and  30  miles  per 
gallon)  a bid  price  of  $10,500.  Normal  procurement  prac- 
tices would  result  in  the  selection  of  the  first  vehicle 
because  it  has  a bid  price  which  is  $500  less.  But,  does  it 
really  cost  less?  With  gas  prices  at  one  dollar  per  gallon 
(which  many  people  believe  will  be  the  case  by  mid  1979) , 
the  fuel  cost  savings  for  the  second  vehicle  wall  make  up 
the  $500  difference  in  the  first  30t000  miles  of*  operation. 
Furthermore,  this  does  not  include  any  savings  due  to  the 
reduced  number  of  loads  which  might  be  required  because  of 
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the  greater  load  carrying  capability  of  the  second 
vehicle.  Such  a reduction  in  the  number  of  loads  may, 
in  turn,  allow  for  reductions  in  the  number  of  vehicles 
required,  as  well  as  the  number  of  vehicle  operators, 
maintenance  personnel  and  maintenance  facilities. 

The  most  difficult  part  of  using  an  index  to  meas- 
ure competitive  performance  would  not  be,  in  the  opinion 
of  this  writer,  the  selection  of  the  factors  to  be  used 
in  determining  the  index.  But  rather,  the  greatest 
difficulty  would  be  the  assignment  of  a weight  to  each 
of  the  factors  selected.  As  discussed  in  Chapter  II, 
the  weight  which  is  to  be  assigned  to  any  given  factor 
is  based  on  the  value  of  a one  percent  change  in  that 
factor  compared  to  a one  percent  change  is  the  unit  bid 
price  of  the  procurement  item. 

The  means  used  to  determine  the  value  of  a particu- 
lar factor  may  range  anywhere  from  a subjective  decision, 
if  the  benefits  are  intangible,  to  a highly  analytical 
decision  requiring  complex  modeling  techniques,  if  the 
factor  has  measurable  impacts  in  several  areas.  The 
selection  of  the  specific  means  used  to  determine  the 
value  of  any  factor  is  left  to  the  discretion  of  the 
procuring  agency.  However,  the  amount  of  effort  which 
goes  into  determining  this  value  must  be  commensurate 
with  the  value  of  the  benefits  to  be  derived  by  its 
inclusion. 


Ill 


Recommendat io ns . Consideration  should  be  given  to  the 


use  of  an  index  as  the  measure  of  competitive  performance 
in  other  types  of  competitive  procurements.  The  additional 
factors  used  to  determine  the  index  are  similar  to  what  is 
found  in  a multiple  incentive  type  contract.  The  use  of  an 
index  with  additional  factors,  and  the  use  of  incentive 
contracts,  are  both  "designed  to  encourage  contractors  to 
improve  their  contract  performance  in  the  area  of  cost  and 
sometimes  in  quality  performance  and... may  also  be  extended 
to  encompass  equipment  performance,  including  reliability, 
and  schedule  incentives" (Ref  2*  35) • Additionally,  both  are 
based  on  harnessing  the  profit  motive  to  reduce  costs  and 
improve  the  product.  (Ref  2*35)  The  most  significant  dif- 
ference between  the  two  is  that  the  competitive  index  is 
used  to  determine  which  competitor  will  be  awarded  the  con- 
tract, whereas  the  incentive  contract  is  used  to  determine 
the  profit  for  a contract  on  which  performance  has  already 
taken  place.  Because  of  this  timing  difference,  two  added 
benefits  are  possible  with  the  use  of  competitive  indices. 
First,  the  competitive  index  method  harnesses  the  profit 
motive  of  all  the  competitors,  rather  than  just  that  of  the 
competitor  who  is  awarded  the  contract.  And  second,  the 
use  of  competitive  indices  enables  the  procuring  agency  to 
negotiate  fixed  price  contracts,  rather  than  contracts  in 
which  the  total  price  is  not  known  until  after  completion. 

The  use  of  competitive  indices  is  also  recommended  on 
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the  grounds  that  the  weights  assigned  to  the  various  ad- 
ditional factors  would  provide  signals  to  industry  as  to 
what  areas  are  of  the  greatest  importance  to  the  Govern- 
ment. A trend  of  either  increasing  or  decreasing  weights 
being  assigned  to  particular  factors  would  indicate  where 
emphasis  should  be  concentrated.  Had  fuel  consumption 
been  included  as  a competitive  factor  over  the  past  sev- 
eral years,  the  trend,  especially  in  more  recent  years, 
would  undoubtedly  have  been  for  the  weight  assigned  to 
this  factor  to  have  increased.  As  a result,  the  efforts  of 
industry  to  develop  more  energy  efficient  products  might 
have  commenced  sooner,  and  with  a great  deal  more  fervor. 

For  the  future,  if  the  desires  of  the  President  for 
"voluntary"  price  controls  are  to  be  met,  price  increases 
could  be  included  as  additional  factors  and  weighted  so  as 
to  encourage  adherence  to  whatever  guidelines  are  estab- 
lished. Companies  with  price  increases  which  exceed  the 
guidelines  would  not  necessarily  be  barred  from  Government 
contracts.  They  would,  though,  find  it  much  more  diffi- 
cult to  compete.  Under  this  course  of  action  the  Govern- 
ment would  not  be  forced,  by  its  own  policies,  to  forego 
what  may  be  a superior  product  solely  because  a competitor 
increased  prices  more  than  a predetermined  amount.  The 
result  would  be  that  a contractor  who  exceeded  the  guide- 
lines for  price  increases  would  be  penalized,  but  the 
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Ratios 

The  use  of  ratios  to  compare  the  performance  of  the 
various  competitors  is  discussed  in  Chapter  II  of  this 
report. 

Conclusions.  The  use  of  ratios  to  compare  competitive 
performances  is  restricted  to  procurement  scenarios  in 
which  two  or  more  competitors  are  to  be  awarded  contracts 
for  the  same,  or  similar,  products.  The  purpose  for  which 
these  ratios  are  used  is  to  determine  the  portions  of  the 
total  procurement  quantity  which  are  to  be  allocated  to 
each  of  the  competitors.  However,  in  order  to  determine  a 
ratio,  a single  number  must  be  selected  to  represent  the 
performance  of  each  of  the  competitors.  The  means  by  which 
to  select  this  number,  as  presented  in  the  proposed  alloca- 
tion technique,  is  to  determine  an  overall  index  for  each 
of  the  competitors.  This  index  may  be  determined  in  such  a 
way  as  to  include  competitive  factors  along  with  the  bid 
price,  or  it  may  be  the  average  bid  price  by  itself.  (Jlhis 
use  of  an  index  is  discussed  in  the  previous  section  of 
this  chapter.) 

For  the  two- contractor  procurement  scenario,  which  is 
the  basis  of  this  thesis,  the  use  of  ratios  rather  than 
absolute  differences  results  in  a much  more  accurate  reflec 
tion  of  the  relative  competitive  performances  over  an  ex- 
tended period  of  time.  This  is  due  to  the  fact  that  the 


use  of  absolute  differences  would  not  reflect  any  perform- 
ance factors  which  may  be  due  to  a disparity  in  production 
experience.  The  main  reason  behind  the  use  of  ratios  to 
compare  relative  competitive  performance  is  to  foster  compe- 
tition between  contractors  who  would  otherwise  be  on  dif- 
ferent competitive  levels.  This  is  the  same  principle  as 
the  use  of  handicaps  in  athletic  competition.  For  example, 
amateur  golfers  with  wide  differences  in  their  average  abil- 
ities compete  on  an  even  level  by  applying  handicaps  which 
are  based  on  their  past  performance.  The  winner  is  then 
determined,  not  by  the  lowest  absolute  score,  but  rather  by 
the  best  performance  relative  to  an  individual  golfer's  past 
experience. 

Recommendations . Whenever  two  or  more  contractors  are 
needed  to  satisfy  a procurement  requirement,  consideration 
should  be  given  to  the  use  of  ratios  for  the  determination 
of  the  allocation  to  be  awarded  each  contractor.  The  estab- 
lishment of  predetermined  allocations  for  the  high  and  low 
bidders  may  well  discourage  the  type  of  active  competition 
which  leads  to  the  lowest  possible  cost  in  the  long  run.  As 
discussed  in  Chapter  III  of  this  thesis,  it  is  through  the 
provision  for  variable  allocations  to  be  awarded  on  the 
basis  of  relative  competitive  performance  (as  expressed  by 
a ratio  of  competitive  indices)  that  contractors,  who  might 
otherwise  resist  acting  in  a competitive  manner,  can  be  en- 
couraged to  compete  to  the  best  of  their  ability. - or  at 
least  to  a higher  degree  than  what  would  be  expected  with 
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fixed  allocations.  A more  complete  discussion  of  this 
subject  can  be  found  in  Chapter  III. 

The  use  of  ratios  to  compare  competitive  performances 
might  be  discontinued  when,  and  if,  the  annual  indices  of 
both  competitors  have  become  sufficiently  close  that  either 
competitor  could  reasonably  be  expected  to  be  the  low  bidder. 
However,  increasing  the  elasticity  of  the  allocation  formula 
may  prove  to  be  more  beneficial  to  promoting  competition  in 
the  long  run.  (The  effect  on  the  allocations  of  varying  the 
elasticity  is  demonstrated  in  Table  X of  Chapter  III.) 

The  reason  that  increasing  the  elasticity  may  be  more 
beneficial  is  that,  by  dropping  the  use  of  ratios,  the  pro- 
curing agency  is  compelled  to  use  fixed  allocations.  And, 
depending  on  the  difference  in  the  sizes  of  these  alloca- 
tions, the  result  could  be  that  either  competitor,  by  receiv- 
ing the  smaller  allocation,  would  be  left  in  a noncompetitive 
position  for  the  following  year.  What  makes  the  situation 
even  worse,  is  that  the  competitor  who  receives  the  smaller 
allocation  might  have  an  index  (or  price)  which  is  anywhere 
from  just  slightly  higher  to  a great  deal  higher.  Yet,  he  is 
penalized  the  same  in  either  case.  By  continuing  with  the 
use  of  ratios  and  variable  allocations,  as  well  as  increasing 
the  elasticity,  the  high  bid  competitor  could  still  be  made 
to  run  the  risk  of  becoming  noncompetitive.  However,  the 
degree  of  risk,  while  being  controlled  by  the  procuring 
agency,  would  vary  depending  on  how  much  higher  the  high 
index  is  when  compared  to  the  low  index. 
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Determination  of  Contractor  Allocations 


The  procedure  used  to  determine  the  portion  of  the 
annual  procurement  quantity  to  be  allocated  to  each  of  the 
competitors  is  discussed  in  Chapter  III.  Use  of  this  pro- 
cedure with  the  proposed  allocation  technique  is  demon- 
strated in  Chapter  IV. 

Conclusions.  The  method  presented  in  the  proposed  al- 
location technique  is  very  simple,  both  in  the  reasoning 
behind  it  and  in  its  application.  This  simplicity  is,  how- 
ever, probably  the  strong  point  of  the  method.  By  keeping 
it  simple,  it  is  easy  for  the  competitors  to  determine  what 
the  magnitude  of  the  effect  on  their  allocations  will  be, 
if  they  vary  their  unit  line  price  bids.  Other  methods  for 
determining  the  allocations  based  on  the  ratio  of  competi- 
tive indices  could  be  developed  without  much  difficulty. 

And  the  allocations  to  be  awarded  using  some  other  method 
could  be  made  to  correspond  to  those  using  the  proposed 
method.  Even  to  develop  another  method  in  which  the  MAR 
allocation  can  be  accounted  for  by  changing  just  one  number 
would  not  be  very  difficult.  But,  to  find  another  technique 
in  which  the  elasticity  can  be  changed,  over  the  entire 
range  of  possible  indices  ratios,  by  changing  only  one 
number  (r  in  the  proposed  method)  may  prove  to  be  much  more 
difficult. 

Figure  5»1  depicts  an  alternative  method  which  uses  a 
chart  to  determine  the  allocations  based  on  the  ratio  of  the 
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Figure  5* 1.  Alternative  Allocation  Chart 

indices.  This  method,  on  the  surface,  appears  to  be  quite 
simple.  But,  what  happens  if  the  ratio  falls  somewhere 
between  two  of  those  which  are  listed?  For  example,  assume 
the  actual  ratio  is  O.85.  What  are  the  allocations  now? 

Does  the  procuring  agency  have  to  plot  the  allocations 
versus  the  ratios  and  then  use  a fitted  curve  to  determine 
the  allocations?  Or,  would  straight  line  interpolation 
between  the  .80  and  .90  ratio  allocations  be  sufficiently 
accurate?  Once  this  problem  is  solved,  consideration  must 
be  given  to  the  fact  that,  should  the  procuring  agency 
decide  to  change  the  elasticity  of  the  allocations,  an 
entire  new  chart  must  be  developed.  Oh  well,  at  least  the 
MAR  restriction  is  no  problem! 

Another  alternative  method,  which  uses  a line  to  deter- 
mine the  allocations,  can  solve  some  of  the  problems  found 
with  the  chart  method.  See  Figure  5.2.  The  variable  allo- 
cation line  (AA' ) solves  the  problem  found  in  the  chart 
method  when  the  actual  ratio  falls  between  the  ratios  which 
are  listed  on  the  chart.  Handling  any  MAR  restriction  is 
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also  quite  simple  with  this  method  - just  position  the  MAR 
line  (A' A")  at  the  maximum  allocation  level.  But  again, 
changing  the  elasticity  requires  more  than  just  the  change 
of  one  number.  In  this  case,  line  AA'  would  have  to  be 
redefined  in  order  to  change  the  elasticity. 

Recommendations.  In  order  to  determine  the  allocations 
the  method  used  should  be  simple  enough  that  everyone  who  is 
involved,  competitors  and  procurers,  can  easily  understand 
it.  The  method  used  should  also  leave  no  doubt  as  to  what 
the  allocations  will  be  for  any  given  ratio.  If  a chart  is 
to  be  used,  as  in  Figure  5.1,  either  all  possible  ratios 
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(allowing  for  rounding  off  of  numbers)  should  be  listed,  or 
specific  procedures  must  be  identified  for  determining  the 
allocations  when  the  actual  ratio  falls  between  those  on 
the  chart. 

The  use  of  a method  similar  to  the  one  proposed  in 
this  thesis  (one  in  which  either  the  MAR  or  the  elasticity 
can  be  altered  by  changing  only  one  number)  easily  lends 
itself  to  the  use  of  a hand  held  calculator  for  rapid  and 
accurate  allocation  determinations.  But,  even  without  the 
accuracy  provided  by  a calculator,  the  proposed  method  does 
enable  the  competitors  to  "eyeball"  the  results  which  can 
be  expected  from  variations  in  prices  or  indices.  This 
should  add  impetus  to  the  desire  of  the  competitors  to 
compete  to  the  best  of  their  abilities. 

Recommendations  for  Further  Studies 

Three  areas  are  recommended  by  this  author  for  further 
study. 

The  first  area  encompasses  the  selection  and  weighting 
of  additional  factors  which  might  be  used  in  the  competi- 
tion. The  method  of  determining  the  weights  to  be  assigned 
may  well  be  much  more  important  than  the  actual  selection 
of  the  factors  themselves.  This  is  due  to  the  fact  that 
the  factors  selected  merely  indicate  the  preferences  of  the 
procuring  agency.  The  weights  assigned  to  these  factors, 
however,  must  reflect  the  actual  value  of  these  preferences 
in  comparison  to  the  unit  line  price. 
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The  second  area  is  the  determination  of  the  Minimum 
Award  Requirement  as  discussed  in  this  thesis.  Research  in 
this  area  should  include  the  determination  of  both  the  min- 
imum number  of  units  for  which  it  is  economically  feasible 
to  continue  production  and  the  minimum  number  of  units  which 
must  be  produced  for  a contractor  to  remain  competitive. 

The  third  area  deals  more  directly  with  the  allocation 
technique  which  has  been  proposed  in  this  thesis  effort. 

The  ability  of  the  procuring  agency  to  vary  the  elasticity 
of  the  allocations  can  be  used  to  encourage  more  active 
competition  when  the  annual  indices  of  both  competitors  have 
become  approximately  equal.  However,  specific  research 
should  be  conducted  to  determine  whether  or  not  there  are 
any  particular  criteria  by  which  the  procuring  agency  can 
determine  an  optimum  elasticity  to  use  for  the  procurement 
competition  of  any  given  year. 
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